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Getting to know your unit 


Information technology is all about managing and manipulating 


Affefjment 


information. Database software applications are very widely used to 


support many business processes and internet facilities. Google™, 


You will be externally 
assessed by a task. 


Facebook™ and YouTube™ are all based around a database, as are many 
other applications. 


In this unit, you will explore the purpose and structure of relational 
databases. You will look at the structure of data. You will look at how 
you can design and then implement an effective database system 
solution. Note that, though the screenshots in this unit show a particular 
database, the information in this unit can be applied to whichever 
database you are using. 


How you will be assessed 


This unit is externally assessed by a practical task which 
will be completed under supervised conditions for 10 
hours in a 1 week period which can be arranged over a 
number of sessions. You will be assessed on your ability 
to design, create, test and evaluate a relational database 
system to manage information. 


Grade descriptors 


To achieve a grade, a learner is expected to demonstrate 
these attributes across the essential content of the unit. 
The maximum number of marks for this unit is 66. 


To pass the unit 


>» You will be able to use your knowledge and 
understanding of database design and development 
terminology, standards, concepts and processes. 

» You can apply problem-solving skills to design and 
develop a solution in context. 

» You can demonstrate your understanding of how to use 
standard database. constructs to develop a functioning 
solution that evidences testing and evaluation. 


To achieve a distinction 

» You can evaluate a given problem and develop a 
detailed and complex solution to meet all requirements 
of the brief. 

> You can apply an in-depth understanding of database 
constructs, using test results to produce an optimised 
solution. 

» You are able to evaluate the quality, performance and 
usability of your database with supporting justification. 
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Assessment outcomes 


AO Demonstrate knowledge of database development 
terminology, standards, concepts and processes 


AO2 Apply knowledge and understanding of database 
development terminology, standards, concepts and 
processes to create a software product to meet a client 
brief 


AOQ3 Analyse information about database problems and 
data from test results to optimise the performance of a 
database solution 


AO4 Evaluate evidence to make informed judgements 
about the success of a database’s design and performance 


AO5 Be able to develop a database solution to meet a 
client brief with appropriate justification 


Getting started 


Data is all around us, your social media newsfeed, mobile phone call list, the 


weather forecast, your college or school timetable. Data becomes information 
when it is useful to us and we can use it in a meaningful way. Think of all 

the sources of data that you have accessed recently. Were they useful to you? 
Could they have been presented in a different way to make them more useful? 
What would be the implications if the data you accessed had been inaccurate? 
In this unit, you will develop an understanding of database technology which 


is central to how so much of the internet-centric world around us operates. 
This understanding will be essential to you as you work towards a career in 


Information Technology. 


The purpose and structure of relational database 


management systems 


Databases are used to provide a wide range of applications, 
from e-commerce and customer billing through to games 
and social media. In this section, you will look at the purpose 
and structure of relational database management systems. 


Relational database management 
systems 


First, we will cover the types of relational database 
management systems (RDBMS). 


Types of RDBMS and their characteristics 


There are a number of different types of RDMBS, which 

can be broadly categorised in the following way: 

» Desktop systems - These are designed for personal use. 
The best known of these is Microsoft® Access’, which 
we will use throughout this unit. Microsoft® Access° 
is part of the Microsoft® Office’ suite and is focused 
on single-user or small-departmental applications. 
Access® includes an end user interface and features 
such as ‘Wizards’ to simplify the creation of databases 
for end users, Access® only runs on computers with the 
Windows’ operating system. 

> Client-server database systems - These are designed 
for distributed multi-user databases with the database 
files stored on a server computer. Databases in this 
category are developer tools and they need a lot more 
developing before they include the end user interface 
features found in Access*. This category of RDBMS can 
be further divided into the following. 

e Open source database systems - The best known and 
most widely used open source database system is 
MySQL”. MySQL™ runs on a wide range of operating 


systems including Windows’, Linux” and Apple® OSX, 
and is a popular choice for web applications. 

¢ Proprietary database systems - The most widely used 
proprietary database systems are Microsoft”s SQL 
Server®, Oracle® Database and IBM”s DB2°. 


ead term 


Open source ~ Open source software has its source 
code available for the general public to use and modify 
as they desire, free of charge. This is rather than the 
source code being kept as a commercial secret by the 
company that created it. Open source software is meant 
to be a collaborative effort by programmers who give 
their time to develop the application. 


Proprietary - In the context of software, proprietary 
means the software is owned by a commercial 
organisation which develops it and sells a licence to 
use the software. Microsoft® Office” is an example of 
proprietary software, whereas Open Office is a free-to- 
use open source office software suite. 


/ 


Research 


MySQL’ and Oracle® Database are the two most 
widely used database software applications. What are 
the differences and similarities between them? 


Relational data structures 


To understand the relational model, it is a good idea to start 
by thinking of simple real-life data examples. For example, if 
you drew up a list of Christmas presents to buy your family, 
it might look something like the list in Figure 2.1. 
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> Figure 2.1: Christmas present list 


If you wanted to, you could create a budget for your 
Christmas spending by putting this data into a spreadsheet 
and adding up the cost of the items. This is often called 

a flat file database as it contains a single list of data {in 
database terminology, this is a table). Please read the 
worked example, which will explain how two tables of data 
are used to create a relational database, before going on to 
learn more about relational database terminology. 


In relational database terminology, a table of data is known 
as a relation. Every relation has columns which represent 
the different data that is stored in the relation. In the 
customer details table in our example, this would be items 
like customer number, first name, surname, house number 
and postcode. Each of these items is called an attribute. 
Each attribute has a range of allowable values, which is 
known as a domain. An example of the attributes and 
domains for the customer details table are shown in Table 
2.1. 


> Table 2.1: Attributes and domains in the customer details table 


Attribute Domain name Domain definition 
Customer number CUST_NO Numeric, 6 digits 
Customer first name F_Name Character, size 25 
Customer surname S Name Character, size 25 
Address line 1 Addr Character, size 25 
Address line 2 Addr_2 -Character, size 25 
Town Town Character, size 25 
Postcode Postcode Character, size 8 


Worked examele: Ordering from an online Store 


Imagine that you ordered all of your Christmas presents (see Figure 2.1) from an online store. Due to the fact that you 
might place several orders with the same online store, they would keep at least two tables of data. One table would 
hold the information about you, the customer, and the other table would hold information about the orders that you 


have placed. 


In theory this data could all be held in one table, but then every time you placed an order you would need to include 
all of your details (such as name and address) again. This would mean duplicating a lot of data; therefore, it isa much 


better solution to have two tables. 


However, there needs to be a way to link (relate) the two tables (thase holding your customer details and other 
holding your orders) together because the online store needs to know which customer has placed each order. We 
could use the customer’s name to relate the two tables but, as there might be several people with the same name, a 
better idea is to use a unique identifier for each customer, such as a customer number. Therefore, every order that 
a particular customer places is identified by including the customer number, from the Customer table, in the orders 
placed by that customer in the Orders table. The two tables are said to be related by the customer number. 


Customer _ 
Customer number 


> Figure 2.2: The Customer and Orders tables 
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Orders 
Order number 53 


Customer number 
769 


The number of attributes that a relation contains is known 
as its degree. The degree of the customer details relation is 7 
(because there are seven attributes listed in the table). The 
domain definition describes the type and size of the data to 
be stored in that attribute; this is often called the datatype. 


Datatype - Datatypes are used in both programming and 
in database development as the definition of the type of 


data that is to be stored (in the case of database) in a field. 
The most commonly used datatypes are text and number, 
but there are variations on these and other datatypes too. 


Research 


What datatypes does Microsoft Access” support? 
What kind of data can they store? How might you use 
the different datatypes? 


The rows within a relation represent complete sets of 
attributes, sometimes called records but, in relational 


Learning aim A UNIT 2 


database terminology, they are called tuples. The 
uniqueness of the attributes within a relation is called the 
cardinality of the relation. In Table 2.1, the Town attribute is 
likely to have the same value in many records (e.g. London 
or Manchester) as there are a limited number of towns 
within the UK, whereas the Cust_no attribute is different 
for each recard so its cardinality is equal to the number of 
records in the customer table. Access” and other database 
software applications sometimes use different terminology 
to the standard relational database terminology. Table 2.2 
compares the standard relational database terminology 
with that used by Access’. 
> Table 2.2: Comparison between standard relational database 
terminology and that used by Access° 


UOIBUOJU! aseUBLU 0} sUIaySAS SUN}eAI 


Standard relational Access® terminology for 
database terminology commonly used terms that 
differs from the standard 
Relation | Table 
| Attribute Field : | 
Tuple | Record Oo 


In this book, to avoid confusion, we will use the terminology used in Access’, because it is likely that you will use this 


database software application to complete this unit. 


Step by step: Creating tables 


When using Access®, all the tables within a single database are stored in the same database file. When you 
start Access”, it displays the screen shown. From this screen, to create a new database file to which tables can be 


added, click the Blank desktop database icon. 
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) You will then be asked for a filename and a location for the database file. Once you have done this, you will 
see this screen. 
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& Access® creates a table for you and you can complete the fields in this Datasheet View. To get more control 
over how the table is structured, it is best to swap to Design View, so click the View icon on the far left of the 
toolbar and choose Design View from the drop-down menu. Access” will now ask you to save the table. Type a 
meaningful table name (e.g. Customers) and click OK. You will now see this display. 
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v 
Access® creates a field, that it calls ‘ID’ for you, which it sets as the primary key. It has a datatype of 
AutoNumber, which means that Access® will automatically give each record in the table a unique consecutive 
number, starting from 1. This can be a good idea for a primary key field, as we will see later, but ‘ID’ is not a good 
name. Something more meaningful like ‘Customer_Number’ would be a better choice. — 

we 
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{5) The next field to be added is ‘F_Name’ in the second row of the field name list. Access® automatically adds 
the datatype of ‘Short Text’, which allows up to 255 characters (which should be more than enough characters). 


The display should now look like this. 
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[) Under the field name grid you can see the properties for whichever field you have selected in the grid. Here, for 
example, you could adjust the field size, if required, to the 255 characters listed in the example in step 5. All the other 
fields from that example are text so they can be added in the same way as the F_Name field. However, suppose that 
you also wanted to add the customer's date of birth. This time, where Access” adds the default datatype of Short Text, 
you need to click in the box and choose Date/Time from the drop-down menu, as shown here. 
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In the properties for this field, you can see that there is no size property, but there is a format property. 
Clicking in the Date/Time box will drop down a list of different date and time formats. In this case, the ‘Short 
date’ format (e.g. 20/12/2015) is fine. You can add as many fields as you like. Once they are all added, you 
can swap to Datasheet View and try entering some data. Click on the View icon in the toolbar and choose 
Datasheet View (Access* will require you to save the table design first). 


©) Once in Datasheet View, you cannot type in the Customer_Number field as it is an AutoNumber field, 
meaning that Access’ completes it for you. You can type in all the other fields but, because the ‘Date_of_Birth’ 
field is formatted as a date, you must enter a valid date, otherwise you will get an error message. 


It is very important that you check that your 

table design is correct, particularly with regard to 
datatypes, before you add large numbers of records. 
Correcting design mistakes later, when the table is full 
of data, can be complex and time consuming. 


Relational algebra 


The theoretical basis behind relational databases and 
query languages such as SQL is known as relational 
algebra. The practical applications of relational algebra 
are database queries (or relational algebra operations) 
that allow us to extract useful information from the tables 
within a database. 


SQL - stands for structured query language and 
is a special purpose programming language used 
for managing data in relational databases. SQLis a 
standard language (developed by ISO, the International 
Organisation for Standardisation) used by all the main 

_ database programs. 


There are a number of different relational algebra 
operations that we can apply to tables. Some simple 
examples are given below. Each operation is represented 
by a special symbol. 


Select 


The select operation involves selecting a subset of records 
from a table that match certain criteria. It is written as 


o condition elation) 


The ‘condition’ is a Boolean expression in which rows are 
selected if true. For example, suppose you had a table 
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(relation) which contains books, and one of the fields is the 
subject, then the following expression will display all the 
books with a subject of “computing” 


o Subject = “computing”books) 


Join 

The join operation, as the name suggests, involves joining 
two tables together. There are several versions of the join 
operation, the simplest of which is the natural join. The 
symbol for natural join is ». To carry out a natural join, 
the two tables must have at least one common field. For 
example, imagine a college database with a table of all the 
courses, as shown in Table 2.3 (just a few fields are shown 
for simplicity). 


> Table 2.3: Table of all the Courses offered by a college 


Course ID Course name Department 

001 BTEC ITL3 Computing 

002 HNC Child care Health and social care 
003 A level Business Business studies 

004 ALevel Computing © Computing 


The second table holds details of the college departments 
and who is the head of each department, as shown in 
Table 2.4 (again just a few fields are shown for simplicity). 


> Table 2.4: Table of all the Departments at a college and the 
names of the heads of departments 


Department Head of department 
Computing Wendy Smith 

Health and social care Alan Jones 

Business studies Mohammed Ahmed 


Therefore the join operation Courses & Departments would 
produce the following, see Table 2.5. 


> Table 2.5: Table produced by join operation Courses » Departments 


Course ID Course name Department Head of department 
001 BTEC IT L3 Computing Wendy Smith 
002 HNC Child care Health and social care Alan Jones 
003 A level Business Business studies Mohammed Ahmed 
| 004 A Level ¢ Computing Computing Wendy Smith 
Union 


The union operation requires the two tables to have the same fields, and it involves 
taking all the records that are in one table or in the other table (or in both) and putting 
them together. Duplicate records are eliminated. The symbol for union is U. For example, 
imagine two separate tables containing customer details (see Tables 2.7 and 2.8). 


> Table 2.6: Customer_table1 


Name | Address Postcode Telephone number 
J Smith 10 High Street NR6 2ZZ 01883 12345 
AJones 22 Station Road IP95 1QQ 01999 22222 
B Williams 105 London Road N65 6XX 01888 33333 
. G Anderson 4 North Lane E88 4VV 02946 11133 


> Table 2.7: Customer_table2 


Name Address Postcode Telephone number 
| AJones 22 Station Road IP95 10Q 01999 22222 

S Evans 1 165 Main Avenue AB69 4KK 0345 998877 

GAnderson | 4 North Lane E88 4VV 02946 11133 

T Thomas 52 Harbour Lane SW8 97Q 01998 88888 


Therefore the union operation Customer_tablel U Customer_table2 would produce the 
following (see Table 2.8). 


> Table 2.8: Table produced by union operation Customer_table1 U Customer_table2 


Name Address Postcode Telephone number 

J Smith 10 High Street NR6 222 01883 12345 

A jones | 22 Station Road IP95 19Q 01999 22222 

B Williams | 105 London Road uae N65 6XX 01888 33333 

G Anderson 4 North Lane E88 4VV 02946 11133 

S Evans 165 Main Avenue AB69 4KK 0345 998877 
i T Thomas 52 Harbour Lane SW8 9ZQ 01998 88888 
intersect 


The intersect operation is similar to the union operation but only those records that 
appear in both the tables are selected (the records where the two tables intersect 
or overlap). The symbol for intersect is ?. For example, using the same two customer 
details tables from the union operation section, the intersect operation Customer_ 
tablel ? Customer_table2 would produce the following (see Table 2.9). 


> Table 2.9: Table produced by intersect operation Customer_tablel ? Customer_table2 


Name : Address Postcode Telephone number 


A Jones | 22 Station Road | p95 1QQ 01999 22222 
G Anderson 4 North Lane E88 4VV | 92946 11133 
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Database relations 


We have already mentioned how, in a relational database, 
tables can be related to each other. These relationships 
between tables model real-world relationships and are 
called entity relationships. 


Entity relationships 

Entities (table) are real-world things like customers, 
books, courses, authors and teachers. Entities often have 
relationships with each other which are called entity 
relationships. So for example, customers order goods, 
books are written by authors and courses are taught by 
teachers. 


There are three types of entity relationships, the most 
common of which is one-to-many. 


One-to-many entity relationships 

Look back at the Worked example: Ordering from an 
online store. The example we used was of a customer 
who ordered goods from an online store and the store 
recorded the order, but kept the data about the customer 
in a separate table to the data about the order. 


The tables in that example were linked using the customer 
number. This means that the customer details only need 
to be recorded once, no matter how many orders the 
customer places. Therefore one customer record can be 
related to as many different order records as the customer 
places. However, in the Orders table, each record is related 
to one and only one customer, since the same order 
cannot be placed by two different customers. This is called 
a one-to-many relationship (between one customer and 
many orders). To help conceptualise databases designs, 

it is common to draw a diagrammatic representation of 
the relations and the relationships between them using an 
entity-relationship diagram (ERD). The relationship between 
the Customer and the Orders tables (Figure 2.2) would be 
drawn as follows (see Figure 2.3). 


Customer Orders 


Places 


> Figure 2.3: An ERD showing the relationship between the 
Customer and Orders tables 


Note that the connecting line which shows the relationship 
has al’ at the customer end and a ~ at the order end. This 
shows that the Orders table can have many records related 
to one record on the Customer table. 
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Although the one-to-many entity relationship is the most 
common, there two other types of entity relationships 
which can exist. 


One-to-one entity relationships 

In a one-to-one entity relationship, one record in the first 
table is related to one and only one record in the other 
table. An example of this might be an employee database. 
Some employees might have a company car or van. Data 
about company cars is likely to be kept on a separate table 
(the Company car table) from general employee data (the 
Employee table), because it is not data about the employee 
directly and not every employee will have a company 

car or van (only those who need to travel to complete 
their work). However, no employee can have more 

than one company car, so the relationship between the 
Employee table and the Company car table is a one-to- 
one relationship. Every record on the Company car table is 
related to one and only one record on the Employee table. 
Similarly, one and only one record on the Employee table 
is related to one and only one record in the Company car 
table. When drawn in an ERD diagram, the relationship 
looks as shown in Figure 2.4. 


Employee 


Company car 
Drives 


> Figure 2.4: An ERD diagram showing the one-to-one entity 
relationship between the Employee and Company car tables 


Many-to-many entity relationships 

The final type of relationship is the many-to-many entity 
relationship where one record in the first table can be 
related to many records in the second table, and vice versa. 
So, unlike with a one-to-many relationship, one record in 
the second table can also be related to many records in 
the first table. Imagine a database of college students and 
the subjects that they study. In the Student table, each 
student record will be related to many subjects (listed in 
the Subject table) that each student studies. However, in 
the Subject table, each subject record would be related to 
the many different students that take that subject (listed in 
the Student table). 


Many-to-many relationships cannot be represented 
directly in a relational database and have to be broken 
down into three tables with a link or mapping table linking 
the two main tables. The example of the Student and 
Subject tables can be used to explain how this works. 

As already mentioned, linked tables require a unique 
identifier for each record so, in this example, the unique 
identifier for the Student table is likely to be a student 


number, while for the Subject table it is likely to be a 
subject code. To make the mapping table (which can be 
called Student-subjects) the unique identifier attribute is 
taken from each table and used to create a link between 
students and subjects. Where a single student is, for 
example, taking four subjects, four records are created 
in the Student-subjects table, all with the same student 
number but with each record containing a different 
subject code for the four subjects they are studying. See 
Figure 2.5 for an ERD diagram for the many-to-many 
relationship between students and subjects. 


Student- 


Student subjects 


Subject 


> Figure 2.5: An ERD diagram showing the relationship between 
the Student and Subjects tables using a mapping table called 
Student-subjects 


In addition, the Student-subjects mapping table has a one- 
to-many relationship with the Student table (one student 
can be related to many mapping table records) and, 
likewise, the Subject table has a one-to-many relationship 
with the Student-subjects table, so one subject record is 
related to many records on the Student-subjects table. 


Generic and semantic 

Relationships can be modelled in a generic way (that is, 
generalised and non-specific) when you first attempt to 
understand the design of a complex system. Then, as your 
understanding develops, you can create a semantic (that 

is logical) model of the relationship between specific data 
items. The topic of designing database relations is covered 
in more detail under section B, when conceptual and 
logical data models are explained. 


For more on designing database relations see Relational 
database design. 


Relational keys 

We have already mentioned the need for unique 
identifiers, such as a customer number or subject code, in 
the tables of a relational database. These unique identifiers 
are known as keys. Keys not only uniquely identify records 
within a database, but they can also be used to speed up 
searching for records because the database keeps an index 
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of keys so that it can find key values without searching 
through the whole database. 


Primary key 

The unique identifier for a table is known as the primary 
key. Each table should have a primary key and, within the 
table, each key value must be unique. 


Candidate keys 

When designing a database table you may have a choice 
of fields which may make a suitable primary key. 

For example, a company may have a database of its 
employees. Possible primary keys that they could use 
might be the employees’ national insurance (NI) numbers 
or unique employee numbers. These different possible 
primary keys are known as the candidate keys. During 
the database design process, the decision must be made 
as to which of the candidate keys is to be chosen as the 
primary key, as there can only be one primary key per 
table in a database. 


Foreign keys 

As already explained, when creating a relationship 
between two tables, the primary key value of one table 

is inserted into the table that it is linked to. So, using the 
example discussed earlier of the online ordering system, 
orders are related to the customer that ordered them by 
taking the customer number (the primary key) from the 
Customer table and putting it into the orders saved on the 
Orders table, which shows the orders that the particular 
customer has placed. This value (customer number) could 
not be the primary key value on the Orders table because 
a customer can place many orders, so it would not be 
unique in the Orders table. Instead, the Orders table would 
most likely have a primary key of order number. However, 
the customer number in the Orders table is known as a 
foreign key because it is a key in another table. 


Key term } 


Primary key - a field which can uniquely identify one 
and only one record in a table. 


Candidate key - a field or combination of fields which 
could provide a unique identifier for a table. Typically in 
a table there may be several candidate keys which could 
be chosen as the primary key for the table. 

Foreign key - the primary key from a record in a table 
at the ‘one’ end of a one-to-many entity relationship, 
which is used as a field in records in the table at the 


‘many’ end, to provide the link between the records. 
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Key term 


Composite key - the 
combination of fields which 
can uniquely identify each 
record ina table (also known 


as a super key). 


Composite keys 


In some situations it may be necessary to combine several attributes to create a 
unique key for a table. This is known as the composite key (also called a super key). 
For example, imagine a database of books in a library. The book title alone would not 
necessarily uniquely identify a book, as two books could have the same title. However, 
the book title combined with the author's name might be a better choice. But suppose 
there were several editions of the book. In this case, the book title and author name 
would not be unique, but including the edition number in the composite key as well 
would create a unique value (a super key). There might, of course, be several copies of 
the book in the library, in which case the copy number would also need to be included 
in the super key. 


Integrity constraints 

The integrity of the data in a database is important. For example, in the online 
ordering system, what would happen if there was a record in the Orders table with no 
related record on the Customer table, perhaps due to an invalid customer number? 
This would be a ‘lost’ order with no customer to deliver it to. The issues of entity and 
referential integrity are covered in detail later in this unit. 


Manipulating data structures and data in relational 


databases 


Having data organised into related tables is all very well but, for the database to be 
useful, there must be a way to find and extract data from the database. There also 
need to be methods for giving users access to the database, and for securing and 
recovering the database. 


We have already used the tools that Access® provides to create tables. Once a table has 
been created, data can be entered into the table using the Datasheet View. You can 
also modify data in the table in Datasheet View. You can return to the Design View 

of the table at any time and modify its structure, although care should be taken in 
making changes to fields which already contain data. For example, if you change the 
datatype of a field from text to a numeric datatype, then data already in the field will 
not match the new datatype. You can also delete records in Datasheet View. 


Typically, in a database containing a large number of records, you would want to 

be able to find a specific record (or group of records) within a table which match 
certain requirements. This can be done using the standard database query language 
known as SQL, which can be used on almost any relational database, not just 
Microsoft” Access”. 


SQL 

Structured query language (SQL) is the standard language used to create queries and 
extract data from a relational database. SQL is used to define, modify and remove 
data structures and data, including allowing you to insert new records into a database, 
delete records and update records. 


Retrieval of data for queries and reports 


SQL can be used to retrieve data for queries and reports using the SQL command 
select query. 
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Step by step: SQLSelect query 


1) To demonstrate how to use SQL commands to retrieve data, we will use a simple single table Access® 
database that might be used by an animal charity to keep records for rescue dogs awaiting adoption. The single 
table (called Rescue_Dogs) is shown here. 
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| B P+ = Watton Kennals: Database- CAUsers\Alan\Dor... TABLE TOOLS 7-oOX 
HOME CREATE EXTERNAL DATA DATABASE TOOLS FIELDS TABLE Alan Jarvis + ‘a! 
wa 3, Cut Y S| Ascending FF ~ anew > a 23. Calibri Detail) 
a) ES Copy El Descending S~ "=! Bsve SO >: Bru 
View Paste Filter Refresh Find 
. ee Ally Delete > ER~- Re A w- S- 
Views Clipboard ry Sart & Fitter — Records _ find Tet Formatting = * 
| All Access Obje... @ « | $3) Rescue.Dogs\_ ss 
Sack Pp ID + Dog_Name mA Breed ~ Colour ~- ~ Sex 2 Year_Of_Bir - Approx_Sizt ~ Click 92 Ad 
ae | _ Buty JeckRussell White 9 F 2008 Medium 
— 2 Winston Pug Brown M 2010 Small 
| I Rereus Dogs 3 Bo Doberman Brown M 2011 Large 
4 Shep Border Collie Black M 2906 Large 
5 Rodney JackRussell Grey F 2010 Medium 
6 Butch Bulldog White F 2011 Medium 
7 Sally Boston Tefrier Brown F 2013 Small 
: a a 
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To create a query in Access’, click on Create in the menu bar, then chose Query Design in the toolbar. Access 
will ask you which table you want to add to the query: there is only one, Rescue_Dogs, so click Add, and then 
Close to close the Show Table dialog box. 

The default view that Access® provides for creating queries is the Design View, which provides a visual drag and 


drop interface for creating queries. However, you want to use SQL View, so click on the View icon (far left of the 
toolbar) and choose SQL View from the drop-down list. You will then see the display shown here. 
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a Table Ec Delete be. Data Definition JS Builder 2M Returns TH Table Names 
Results ‘Query Type = ‘Query Setup Show/Hide Ra 
; E Fg Rescue_D Ect id 
|AIl Access Obje... & « | EB Reaepess | 3 Query 
search. Pp 
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One of the simplest things you can do with the SQL Select statement is just display certain fields. Suppose 
you just wanted to display the dog name and breed. The SQL statement for that is: 


SELECT dog_name, breed FROM Rescue_Dogs 


You can see this in SQL View here. 


= - = — E ‘ 
BA = QUERY TOOLS Watton Kennals: Database- C\Users\Alan\Documents.. 2 = ff] & 
HOME CREATE — EXTERNALDATA = —DATABASE TOOLS. DESIGN ¢ Alan Janis » fl 
Ha 1 ae HA oy [ f'¥pdate GD Union Ze Insert Rows “f" Insert Columns sy Parameters 
: < * BH Crosstab (© Pass-Through 2 Delete Rows " [E] Property Sheet 
View Run Select Make Append ‘ , . Tatals 
. Table & Delete M Data Definition $ 
Results, Query ype Query Setup Show/Hide “a 


TB Rescue Dogs |) Query x“ 


SELECT dog_name, breed 
‘on Restue_Dogs: 


"El Rescue Doge 


Vv 
©) Now click the View icon again and select Datasheet View. You should see something like this. 
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a & Cut BL Ascending T~ [TS wanew FS it a. [Colibri (DetaiN mus 
i =) Ki ease Y 
oo fa Copy El descending Te =! sve SF a. 6 U ae one 
View Filter Refresh Find a : ee 
é ne tot FF Ally 2X Delete ~ ER Re AY Q@- : a~ 
Views Glipboard fi Sor Fitter Records Find Text Formatting f% n 
All Access Obje.., © «|| 8 Rescue.Doss| St auers 
‘sparen 'p breed + 
rae -|) = ae 
Oars Winston Pug 
7 Bo Doberman 
Shep Border Collie 
Rodney yack Russel 
Butch Bulldog 
Salty Boston Terrier, 
* 
| 
Recre M olioiy Je my (searer 


Using SQL to select fields to display is useful, but what is even more useful is the ability to select records from 
the database which match certain criteria. This can be done using the SQL SELECT...WHERE clause. 
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Step by step: SQL Select...where |2 Steps | 


£) Suppose, for example, you were only interested in medium size dogs. This kind of selection uses the SELECT... 
WHERE clause. To display all the fields you use the * symbol, so the command would be: 


SELECT * FROM Rescue_Dogs WHERE approx _size = ‘Medium’ 
This is shown here. 
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HB * P- QUERY TOOLS Watton Kennals: Database- C:\Users\Alan\Documents.. 7 — ( % 
HOME CREATE = EXTERNALDATA = DATABASETOOLS §=—CDESIGN Alan Jarvis > |) 
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Tables fas WHERE approx_size = Medium’ 
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If you swap from the Query View to the Datasheet View, you can see the result of the SQL command, with 
just medium dogs listed, as shown here. 


= Watton Kennals: Database- C:\Users\Alan\Decuments\Watton Kennais.acedb (Access 2007 - 2013 file format) - Access > —- O xX 
HOME CREATE —EXTERNALDATA DATABASE TOOLS. Alan Jarvis = 9) 


be eX Cut Y Bl Ascending ¥. m=New = S HH 28. — |Calitri (Detail) 
= al ES Co; | Descendin a Save oy 
View Paste py Filter 7 Refresh Find 
= © Format Painter be RemoveSot YF All> X Delete - B+ 
Views Clipboard Bs Sort & Filter __ Records - Find t _, 
All Access Obje... © «|| 3 Rescue 200s] 3? auent | 
gee p ~!Dog Name - Breed | 
Tables & = 
Py seniaiese 5 Rodney JackRussell Grey F 2010 Medium _ 
6 Butch Bulldog , White F 2011 Medium 
* o 0 
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inserting 
You can also use SQL to insert new records. This is done using the SQL command INSERT INTO. 
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Step by step: SQL Insert into 
©) Change the type of query to an Append Query by clicking the Append icon in the toolbar. Access” will ask 
you where you want to append the records to, so select the only table: Rescue_Dogs. The correct command to 


insert a single record is as follows: 
INSERT INTO Rescue_Dogs (Dog_ID, Dog_ Name, Breed, Colour, Sex, Year_Of Birth, Approx Size) 


VALUES (8, ‘Patch’, Alsatian’, ‘Black’, 'M’, 2013, ‘Large’) 


(Note that the text fields are enclosed in quotes but the numeric fields are not.} 
The command is shown typed into SQL View here. 


oo ———— 
| H ®- > QUERYTOOLS Watton Kennals: Database- C:\Users\Alan\Documents.. 72? — J 
erie 2 HOME CREATE © EXTERNALDATA © DATABASETOOLS ~—DESIGN Alan Jarvis ~ 
Bee 1 a] =r +] €' Update @D Union = insert Rows 
mares . 3 Crosstab Pass-Through ea] Pi Sheet 
View Run Select Make Append © 2 rope 
: Table bx Detete  M¢’ Data Definition 
Resuits Query Type Query Setup Show/Hide “ 
FS] Rescue Dogs | SD insert doesnt work x) 
a 
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All Access Obje... © « 
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) To insert (append) the record, click the Run icon in the toolbar. Access® warns you that you are about to 
append a record. Click Yes. This will then insert a new record into the table. 
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Updating 


The final SQL command that you will need is the Update command. As the name suggests, this allows you to update existing 


records. 


Step by step: SQL Update 
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EiTo create the command, first use the Create menu to make a new Query Design. Add the Rescue_Dogs 
table, as before, then click the Update icon in the toolbar to make it an update query. Now swap to SQL View. 
Suppose it was discovered that a mistake had been made and the Border Collie breed of dogs should have been 
classified as ‘Medium’ size rather than ‘Large’. The SQL command to update the data accordingly is: 

UPDATE Rescue_Dogs SET Approx_Size='Medium’ 

WHERE Breed='Border Collie’ 


This can be seen here. 


Be : 


QUERY TOOLS Watton Kennals : Database- G\Users\Alan\Decuments.. 2? — T X 


FILE HOME CREATE EXTERNAL DATA DATABASE TOOLS DESIGN Alan Jarvis ~ 
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Fa i 7 * EB Crosstab Pass-Through ~~ 2% BeleteRows 3 Delete Columns {E] Property Sheet 
View Run Select Make Append ' y Show = Totals .y2 
* Table ‘eDelete be Data Definition Table SN ftuilder cm Return: Ea Table Names 
Results Query We ee ___. Qhery Setup _phow/Hide ad 
< ; re) oa Res Oogs \ 34 Query] | ie UPDATE 
|All Access Obje... © « [EB Reue.0vg SF cuew | 
t 7 UPDATE Rescue_Dogs SET Approx_Size= Medium’ re 
j Search. 2 WHERE Breed="Border Collie’; 
| Tables a 
E=:| Rescue Dogs 
Queries & 
| af INSERT 
@ UPDATE 
| 
| 
v 
Ready a be 
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®) Click the Run icon and Access* warns you that you are about to update a record. Click Yes and the update is 


completed. 
Vv 


Ey You can also delete a record using SQL. The command is used in a similar way to the select command, so 


the command would delete all the medium sized dogs from the table. Care should be taken when using delete. 
There is no ‘undo’ option. 


DELETE FROM Rescue_Dogs WHERE approx_size = ‘Medium’ 
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Using SQL like this seems very longwinded compared with 
using the drag-and-drop query design interface. However, 
you would not normally use SQL like this - it would be 
built into a database procedure which runs automatically 
without user intervention. 


The output from SQL statements or queries can be displayed 
in the table format shown here, but more commonly reports 
or forms are used to format and display the output. 


There is a lot more you can do with SQL. You can finda 
full SQL course with examples at www.w3schools.com. 


Administration of users and database security 


Where a database is used by multiple people, that is, 

a multi-user database, it is important that there are 
procedures in place to control what actions different users 
can carry out on the database. This is because not all users 
need to be able to edit and they may only want to view the 
database. It can also be safer to not allow editing access 

to all users so that human error is less likely to occur. It is 
unlikely that all users would be allowed full access to every 
part of the database. 


Controlling which actions can be carried out by different 
users is typically done by creating users and then granting 
them permissions, such as the ability to insert, update 

and delete records. The primary method of maintaining 
database security is by maintaining the system of database 
permissions, as described above, by ensuring that users 
have strong passwords and that they only have the 
permissions required to do their jobs and no more. 


In addition, the following security procedures can help to 
secure a database. 


> Hardening of the underlying system by the application 
of standard security procedures: ensuring the system 
has up-to-date software, virus protection, and through 
the use of firewalls. 

» Database auditing and monitoring can be used 
with sensitive data. Logs are kept of the changes to 
the database and are reviewed regularly. Database 
monitoring systems can automatically look for unusual 
activity on the database in an attempt to identify things 
such as credit card fraud or an attack by a hacker. 


Integrity and recovery 


Ensuring the integrity of a database is a very important 
consideration and there are two main aspects to it: design 
integrity and physical integrity. 
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The topic of design integrity is covered in the section 
on Database anomalies. 


The design of a database needs to ensure that there are no 
inconsistencies in the structure of the tables (entities) and 
the ways in which they are related: this is entity integrity. The 
process of normalisation, as described in the next section, is 
used to check the entity integrity of the database. 


Physical integrity 

There must be mechanisms in place to ensure that data 
stored on disk is protected from corruption: this is physical 
integrity. 


Multi-user server-based database systems are usually 
implemented on high availability hardware. These include 
RAID disk systems, which use multiple disks to provide 
protection from single disk hardware failures, and other 
duplicated hardware. They provide a good degree of 
protection from hardware failure. However, the system 
can still be vulnerable to software failure. If the database 
system crashes part way through a database transaction, 
this can lead to inconsistencies and a mechanism 

to recover the database is required. Depending on 

the application, certain types of transaction must be 
completed, either in their entirety or not at all. 


Key term ) 


Database transaction - A complete set of actions 
required to complete some task in a database. 
Transactions related to database systems, such as 
withdrawing money from an ATM machine or booking 
an airline ticket, are made up of several steps such as 
authentication of the user, selecting the required item 

_ and paying for a purchase. 


Many database transactions consist of data being added or 
updated on several tables. For example, when 

booking an airline ticket, there are several parts to the 
transaction, such as reserving the seat and paying for the 
ticket. In order to ensure the integrity of the transactions, 
database systems keep a log of changes to the database 
which have been completed and commit points where 
transactions have been successfully completed. Should the 
system crash, the log is used to identify any transactions 
which have not reached the commit point (that is, they have 
not been successfully completed). Those changes which are 
part of an incomplete transaction are then undone or rolled 
back, to the previous commit point. This ensures that the 
database is recovered to a consistent state. 
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What kinds of database need strong security? From time to time, commercial databases are 
attacked and you may read in the news about the problems they have encountered. Have 
you heard of any recent attacks? How was data stolen and what were the consequences? 


@ PAUSE POINT 


Y Hint ] SQL injection is a software vulnerability which can be used by hackers to gain access to 
data held on databases associated with web applications. SQL injection has been used in a 
number of recent high profile attacks in which large quantities of data have been stolen. 


Extend ] What is SQL injection and how does it work? 


How can you protect against it? 


Normalisation 


When considering a real-life situation that you want to model using a relational 
database, it can sometimes be difficult to see how to divide up the data into different 
related tables in the most efficient way. The process of normalisation has been 
developed to help database designers create designs that avoid data redundancy 
(duplicated data), which, in turn, minimises storage requirements and helps to avoid 
the problems that occur with duplicated data. For example, if a customer's postcode 
is held on a database in two different tables, then should the customer move house 
and change their postcode, it may not be updated in more than one table, which may 
cause anomalies. 
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The process of normalisation is an important part of the database design process. 

The outcome of the process of normalisation will be a verified database design 

which identifies the main structure of the database, including: 

> the tables that the database will be split into 

> the indexes used, including the primary and foreign keys and any composite keys 
required for the tables 

» the structure of the individual tables from which the data dictionary can be created. 


Verification - Verification is the process of checking that something is correct. 
Normalisation is the process used to verify the database design. 


Following on from the normalisation process, database designers need to consider the 
issue of referential integrity and how the updating and deletion of records on related 
tables is dealt with. 


The stages of normalisation 


Normalisation is a three-stage process which begins with raw data, such as you might 
extract from a paper-based system that the database you are designing will replace. 


Summary of the stages of normalisation 

1 The process starts off with raw data, which is referred to as un-normalised (UNF). 

2 The first stage takes raw data and modifies its structure to the meet the requirements 
of Ist normal form (INF). 


3 The second stage further modifies the INF structure to meet the requirements of 
2nd normal form (2NF). 


4 The third stage takes the 2NF data structure and modifies it to meet the 
requirements of 3rd normal form (3NF). 
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Key term } 


Atomic - in this context, 
atomic means broken down 
into individual parts. For 
example, in terms of its 
suitability for a database field 
a person's name is not atomic 
because it can be broken 
down into title, first name, 
middle names and surname, 


To demonstrate the process we will return to the example of the online ordering system. 
Figure 2.6 gives an idea of the sort of paper-based order form the database will emulate. 


This is our un-normalised data (UNF). Note that the order number and the customer 
details appear just once but the product details repeat for each item ordered. 


Universal Products Ltd 
Order No 1 
Customer: Bert Smith 
10 High Street 
Norwich 
Ordered Items 


Product ID | Product description | Price | Quantity | Total 

P33 | Camera | £35.00 | 1| £35.00 
P09 ——_—| Book | £8.00 3) £24.00 
P21 Headphones | £22.00 2| £44.00 


Total 


| £103.00 


> Figure 2.6: Paper-based order form 


Stage 1: Ist Normal form 
The first stage of normalisation involves modifying the data to meet the requirements 
of Ist normal form (INF) by doing the following. 


> 
> 


Remove any calculated fields (such as total order value). 

Make sure that each data item is atomic. The customer name is not atomic since 
it can be split into ‘First name’ and ‘Surname’. The same is true of the customer 
address but, for simplicity, we will ignore this attribute. 

Remove repeating groups so that there is a data item for every record for each 
attribute. So for example, in the paper-based order form, the order number and 
customer number occur just once but we must include them in each record on our 
new 1NF table. 

Finally, we must select a primary key (which needs to be unique). There is no one 
value which is unique but we can create a composite key using the Order Number 
and the Product ID. 


The completed 1NF table is shown here (Table 2.10). More orders have been added to 
make the process clearer. The key fields are indicated by underlining the attribute name. 


> Table 2.10: Completed 1NF table (underlined attributes are the key fields) 


Orderno. ProductID Customerno. CustomerFName CustomerSName Description Price Quantity 


P33 
PO9 
P21 
PO9 
P15 
P21 
P19 


wWwwn noe —_—_ — — 


c10 
C10 
C10 
ee) 

C5 

C12 
C12 


Bert Smith Camera £35 1 
Bert Smith Book £8 3 
Bert Smith Headphones £22 2 
Wendy Jones Book : £8 1 
Wendy Jones Trainers £40 1 
Alice Williams Headphones £22 1 
Alice Williams Pen £6 2 


Stage 2: 2nd Normal form 


The second stage of normalisation is to modify the data to meet the requirements of 
2nd normal form (2NF). If a table has a primary key based on a single attribute, then 
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nothing needs to be done at the 2NF stage. However, our table does have a composite 
key. In this case, we need to move any data that is only dependent on one part of the 
composite key attributes to a separate table. 


The data that are only dependent on one part of the composite key attributes are the 
Description and Price, as these only depend on the Product ID and should not be in 
the OrderNumber table. If you know the Product ID, then you can find the Description 
and Price, but knowing the order number alone will not uniquely identify the product 
(as several items may be on the order). The completed 2NF tables now look like this 
(Tables 2.11-12). 


» Table 2.11: Completed 2NF - Product table 


| Product ID Description Price 
P33 Camera £35 
PO9 Book £8 
P21 Headphones £22 
P15 Trainers £40 
P19 Pen £6 


» Table 2.12: Completed 2NF - Main table 


Order no. Customerno. Customer FName CustomerSName = Product ID 
1 €10 Bert Smith p33 
1 c10 Bert Smith PO9 
1 c10 Bert Smith P21 
2 cs Wendy Jones Pos 
2 cs Wendy — Jones P15 
3 C12 Alice Williams P21 
3 c12 Alice Williams P19 


Note that the duplicates are removed from the Product table but the Product ID is left 
in the main table as a foreign key. 


Stage 3: 3rd Normal form 

The third and final stage in normalisation is to modify the data to meet the 
requirements of 3rd normal form (3NF). The requirement of 3NF is that none of the 
non-primary key attributes should depend on any other attributes. If they do, then 
they need to be moved to another table, leaving a copy of the primary key field for the 
new table in the original table as a foreign key. 

In the main table, Customer no. will allow you to find a unique customer name (First 
and Surname) and, since these are not key attributes, they need to be moved to another 
table (the Customer table) with a copy of the key for that new table (customer number) 
left in the main table as a foreign key. The 3NF tables are shown here (Tables 2.13-15). 


» Table 2.13: 3NF - Product table 


Product iD | Description Price 
P33 Camera £35 
Pog Book £8 
P21 Headphones £22 
P15 Trainers £40 
P19 Pen £6 


= 
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“Key term ) 


Dependent on - one field 
depends on another if you 
can only find out the unique 
value of the second field if 
you know the value of the 
first one. For example, if you 
know the Product ID, then 
you can find the description 
and the price. 


Quantity 

1 

3 

2 

: es 
1 

1 

2 
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> Table 2.14: 3NF - Main table 


Order no. Customer no. 


c10 
C10 
c10 
cS 


WwwWwnhe Ny = = = 
a 
uw 


C2 


> Table 2.15: 3NF - Customer tabie 


Customer no. Customer FName 
C10 Bert 

cs Wendy 

C12 Alice 


Product ID Quantity 
P33 . 
POS 
P21 
PO9 
P15 
P21 
P19 


pola fet ies pl) oo 


Customer SName 
Smith 

Jones 

Williams 


However, the data shown in Tables 2.13-15 are not fully normalised yet because in the 
main table there is dependence between Order number and Customer number. Since 
an order is only placed by one customer, if you know the order number, you can find the 
customer number. Order number and customer number therefore need to go in their 
own table (the Orders table) as shown here in the completed 3NF tables (Tables 2.16-19). 


> Table 2.16: Completed 3NF - Product table 


Product ID Description 
P33 Camera 

P09 Book 

P21 Headphones 
P15 Trainers 

P19 Pen 


Price 
£35 
£8 
£22 
£40 
£6 


> Table 2.17: Completed 3NF - Customer table 


Customer no. Customer FName 
c10 Bert 

c5 Wendy 

Ci2 Alice 


> Table 2.18: Completed 3NF - Orders table 


Order no. Customer no. 
1 c10 

2 C5 

3 C12 


Customer SName 
Smith 

Jones 

Williams 


> Table 2.19: Completed 3NF - Order products table 


Order no. Product ID 
P33 
P09 
P21 
Pog 
P15 
P21 
P19 
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Quantity 
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Note that the remaining table is named the Order products table since it identifies 
which products are on each order. 


Although for this qualification 


Database anomalies you only need to understand 
the process of normalisation 


The process of normalisation is designed to help reduce the possibility of anomalies 
occurring as the database is used. To see how anomalies might occur in a database 
which has not been fully normalised we shall look at an expanded version of the table 
we used to demonstrate how data at INF looked in the section Stage 1 of The stages of 
normalisation (see Table 2.20). 


up to 3rd Normal form (3NF), 
there are higher levels of 
normalisation. Find out what 
these are and why they might 
be needed. 


» Table 2.20: Expanded version of Completed 1NF table 


Orderno. ProductID Customerno. Customer FName CustomerSName Address Description Price Quantity 
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1 | P33 clo Bert Smith |10High St Camera £35 1 
1 | POO C10 Bert Smith 10 High St = Book £8 3 
1 P21 c10 Bert Smith 10 High St , Headphones £22, 2 
2 POQ9 C5 Wendy Jones 3 Station Rd Book £8 1 
2 P15 C5 Wendy Jones 3 Station Rd Trainers £40 1 
3 P21 C12 Alice Williams 2 London Rd Headphones £22 1 
3 P19 C12 Alice Williams 2 London Rd Pen £6 2 


The following type of anomalies can occur with this kind of INF database table: 
> insert 


» delete See the original table of data 
> update. at INF in the section Stage 1 

of The stages of normalisation 
insert anomalies Table 2.10 


To insert a new order into the database, the customer’s name has to been entered 
even if that customer has previously placed an order. This gives rise to the possibility of 
errors or inconsistencies. 


Another possible source of anomalies is the fact that an existing customer might 
need to enter their address every time they place an order. Compare this with the 
3NF version of the database (Table 2.17). In this, the customer details (only Customer 
Fname and Sname are shown, but address details would be in the same table) are 
recorded once only per customer in the Customer table. Only the Customer no. 
attribute needs to be recorded in the Orders table. 


Another issue would be registering of new customers. In the INF version of the 
database, a new customer could only be registered if they placed an order as the 
Product ID is part of the composite key. Therefore, it is not possible to create a 
record with a null value in the Product ID attribute (that is, it is impossible to create a 
customer account without placing a record). 


Delete anomalies 

If a customer places an order and then later cancels it, it needs to be deleted. However, 
if that customer does not have any other orders, then all their details will be lost since 
without an order you cannot have any customer details (you cannot have a customer 
record). This is avoided in the 3NF version of the database as customer details are held 
in a separate table. 
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Update anomalies 

Ifa customer changes their address, for example, then all the 
records containing orders for that customer may need to be 
searched to change the address on those orders too. Again, 
this is avoided in the 3NF version of the database, as customer 
details are held in a separate table. 


Another issue which makes the INF version of the 
database unworkable is that of products and their details. 
In this version, only products which have been ordered 
can exist on the database. The only way to add a new 
product is if someone orders it. This clearly would not be 
acceptable in practice. 


As you can see from the normalisation example we 

have completed, the process helps you to decide on the 
indexing, including the primary, foreign and composite 
keys required for each table. The completed table 
diagrams can be used as the basis for the data dictionary, 
which will include full details of the tables, attributes, data 
types and validation required for the whole database. 


Referential integrity and cascading update/ 
delete 


One issue that can occur with a relational database is how 
to deal with linked records when deleting or updating 

a record at the ‘one’ end of a one-to-many relationship. 
Consider the Customer and Orders relationship. One 
customer can place many orders and the link is made 

by placing the Customer table primary key attribute as a 
foreign key in the Order table. 


But what happens if a customer closes his account with 
the company? If we delete the customer record alone, that 
will leave orders on the Order table with no corresponding 
customer. These might be considered ‘lost’ orders and 
might cause problems with an application which expects 
to see every order linked to a customer record. One 


Step by step: Creating relationships in Access” 


alternative is to use cascading updates, where deleting a 
record on the Customer table would automatically delete 
related records on the Order table. Microsoft® Access® (and 
SQL Server) provides an option to switch this facility on, 
which is known as referential integrity. 


In reality, would you want to completely delete a 
customer record and their associated orders? 


What alternatives might there be? 


Are there any legal implications of retaining customer 
details for people who close their accounts? 


Another problem may occur if you were to allow updates 
to the key field to which other records are related. 
Imagine an employee database where the key field for 
the Employee table was the employee's NI number. Staff 
annual appraisal records are linked to the employee 
record by inserting the primary key from the Employee 
table (the NI number) as a foreign key on the Appraisals 
table. Consider what would happen if it was discovered 
that a data entry error had been made in one employee's 
NI number and it was updated to be correct. This would 
mean that all of the employee's appraisal records would 
be ‘lost’ because the NI number on the parent record had 
changed. The referential integrity setting in Microsoft® 
Access® and SQL Server allows you to prevent changes to 
key fields which exist as foreign keys in other tables. 


Is the use of an employee's NI number as the primary 
key field a good idea? 


What alternative key fields could be used to avoid the 
problem of updates? 
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©) You can create as many tables as you like in a single Access® database. Linking them together can be done 
as long as your design is correct and you have used the primary key from the ‘one’ end of a relationship as a 
foreign key in the table at the ‘many’ end of the relationship. 


©) Assume that, as well as the Customer table that we created earlier, you have also created tables for Products, 
Orders and Order-Products following the design created during the normalisation process described in the 


Stages of normalisation. 
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FE] To link them together, go to the Database Tools menu in Access® and click on the Relationships icon in the 
toolbar. The Show Table dialog box will appear, asking which tables you want to create relationships for. Click 
each of the tables in turn and click Add then, after you have added them all, click Close. The relationships 
display should now look like this. 


SEE nnn = 
@BS: @-: SELATIONSHIPTOOLS Onders; Database-CAtbes\Alan\Document\Ordesacc, 2 — O X 
BY) HOME «© CREATE «= BXTERNALDATA DATABASE TOOLS DESIGN Alan Jarvis + ‘a 
Fes >< claarLayout & EBdide Table 
4 a 29 Direct Relationships a 
Sonshia Re Show jose 
Relationships ie a Table SEC AH Relationships 
ae sect 
2) SECURITY WARNING Some active content has been disabled Click for moredetaits. Enable Content x | 
|All Access Obje... & « |] Sestensnins be 
on cd Customers | Drdalucke | 
esi ® @ Cutomer_Nuseber — 
EA customers Customer Phase eae 
u Beszription 
FA order-preducts Customer SName Bue 
EB orders | ‘Seders Order-products | | 
EB] Products = ¥ Oroertumber 7 eae mamber | 
Queries ¥ ‘Customer_Wurmiver F Praduct 1D -——_— | 
‘Quantity 
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©) First, we will create the relationship between the Customer table and the Orders table. Click on the 
Customer_Number field in the Customer table (the primary key) and drag it over to the Customer_Number field 
in the Orders table (the foreign key). The dialog box shown here will appear. 


Edit Relationships 7 x 


Table fQuery: Related Table/Query: 
Customers Orders me 
Cancel 


Customer Nun | Customer Numb « 


Join Type... 


Create New... 


Dibrforce Refer rity 
[| Cascade Update Related Fields 
Cascade Delete Related Records 


Relationship Tyme: One-To-Many 


UNIT 2 
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‘) The appearance of the dialog box shows that Access” has identified that this is a one-to-many relationship 
(it knows this because the field is a primary key on the Customer table). It also gives you the option to enforce 
referential integrity so that it will not allow you to delete records or modify the primary key value of records 

on the Customer table that have related orders. You can also turn on the Cascade Update and Cascade Delete 
features so that if a customer is deleted from the customer table all of their orders will automatically be deleted 
(rather than you just getting an error message), or if you update the Customer number field on the Customer 
table related records on the orders will also be updated. Turn these options on and then click Create. The 
relationships display should now look like this. 


| ®u RELATIONSHIP 706 ‘Orders: Datahase- CAUsers\Blan\Documents\Grdes.ace.. 972 = TX 
HOME CREATE © EXTERNALDATA DATABASE TOOLS DESIGN Alan Jarvis a S| 
Th 9 clear Layout bs] EB tide Table 
rd . EEp , sig 
Ea ea 8? Direct Relationships : 
fl ‘onshi owe close 
Relationships Bi Relationship Repost Table BG] All Relationships 
| Toots Relationships a 
SECURITY WARNING Some active content has been disabled, Click for more details, Ennntle, Cranents x 
| 
All Access Obje... © « | Meetonstps a 
pe a Customers Pa | 
eat Y cutomer Number 7] 
eS Product |D 
Curtomer Fame Description 
Crderpoowinet Customer SName are 
Orders Orders Dider-producte 


Products ¥ One Mune 


‘8 Order_number 
Queries 2 Customer tember 


G Product iD 
Guantity 


= 
©) Now do the same with Order_Number in the Orders table (primary key) and the Order_number in the 


Order-products table. Finally create the relationship between the Product_ID (primary key) in the Products table 
and the Product_ID in the Order-products table. The relationships should now look like this. 


- ——————_ — — = 
Ga RELATIONSHIP TOOLS Orders: Database- C\Users\Alan\Documents\Ordersace.. 2 = [ xX 
HOME CREATE —EXTERNALDATA DATABASE TOOLS DESIGN ‘Alan Janis 
By 2X Cleor Layout tH mere 
Fy onshipe 
Edit BE\Relationshi Show | Close 
Relationships EB netrtomsiie Report Table BREAN Relationships 
Foal Relationships = 
—— | 
{SECURITY WARNING Some active content has been disabled. Click farmore details, Enable Content x 
5 =z 5 si * 
All Access Obje... © «|]=# Seatenshies 
2 rh = = sal 
Search. A Customers Products i 
Valstee *  Cutomer Number | mS 4 
FI customers = % Product_iD 
Customer FName Desenptian 
FE order-products Customer_SName = Price 
EA orders Orders Order-products 
EB products | F Order_Number LR sol  Order_number 
Queries Pe Customex_Numbe! | Product > 
| Quantity 
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database solutions 


Now that you have looked at the theoretical structure of 
RDBMS, you will investigate the standard methods and 
techniques used to design relational database solutions. 
As with any software application development, the 
process starts with building an understanding of the user 
requirements and progresses through to creating more 
and more detailed models and designs for the system. 


Relational database design 


In many cases, databases can be very large and complex 
and a lot of design work needs to go into their creation and 
development. The design needs to be carefully considered, 
as resolving design errors during the development or 
implementation of the database can be difficult and costly. 
As well as the designs for the application, the selection 

of suitable hardware, software tools, techniques and 
processes needs to be considered. With a multi-user 
server database, hardware needs to be selected which 

has sufficient performance and capacity to support the 
expected transaction volumes. 


Database design 


The designing of a large and complex database system 
involves a number of phases. The first phase is a broad 
conceptual overview of the database design, after which 
more detail and complexity are added in later design 
phases. The design process is an iterative one, with 
continual refinements and improvements being made. 
There are often three phases to the design process. 


1 Conceptual database design - This is the first phase and 
involves building a conceptual model of the information 
used in the database system based on the details 
provided in the user requirements specification. It does 
not take into account the physical implementation details 
such as the database software to be used or hardware 
platforms. It involves the identification of tables and their 
relationships, as well as the drawing of an outline ERD. 


2 Logical database design - This phase takes the 
conceptual model and refines it further into a logical 
model. The process of logical design involves arranging 
data into a series of logical relationships (tables and 
fields) and taking into account the requirement of the 
relational database model and the selected RDBMS 
software. The logical design defines the detailed 
structure for the tables, relationships and fields. This 
design is then validated using the normalisation process. 


Learning aim B UNIT 2 


Standard methods and techniques to design relational 


3 Physical database design - This final phase involves 
deciding how the database will actually be 
implemented on the chosen RDBMS software and 
hardware. It includes calculations of the required 
storage space. It defines the storage structures, 
methods of access that will be used and security 
protection that will be applied. 


Conceptual model - is based on generalisation 
and ideas (concepts) such as ‘a customer places an 
order’. 


Logical model - takes the concepts and applies rules 
(logic) to the concepts (including verifying them with 
normalisation) and adding details such as the nature 
of the relationship which exists between customer and 
order (via the primary and foreign keys). 


The table below (Table 2.21) shows at which phase various 


aspects of the design are defined. 


> Table 2.21: Phases at which design aspects of a database are 
defined 


Design feature Design phase 


Conceptual Logical Physical 
Entity names v 

Entity relationships v 

Fields v 


Keys (primary and v 
foreign) 


Field names 


Field datatypes 


An example of conceptual and logical design models 
can be found in the section on Design documentation. 


Relational algebra 

As part of the design process, the types of relationship 
between tables will be defined using entity-relationship 
(ER) models and tested using normalisation. Most 
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relationships are likely to be one-to-many, with the 
primary and foreign keys identified as part of the design 
process. There may also be some one-to-one 
relationships required. Remember that many-to-many 
relationships, identified in the conceptual design phase, 
will need to be split into separate linked tables at the 
logical design phase. 


For more on Boolean operators, see Unit 5: Data 
modelling, Logical functions, and for more on 
comparison operators, see Unit 7: Mobile apps 
development, Operators. 


RDBMS and SQL selection 
There are a range of different RDBMS software 
) applications available, almost all of which include the SQL 


For a reminder of the various different types of entity 


5 : ; | age. Th i i ions for i RDB 
relationships, see Database relations. anguabe: Tite allt consid (ations forselest ia Me 


are the following. 


> What is the size of the implementation? - For small 
desktop databases, software application products such 
as Microsoft® Access” are suitable. For much larger client 
server-based requirements and web-based databases, 
software application products such as Oracle” Database, 
MySQL” and Microsoft® SQL Server” are suitable. 


The queries used to extract data from the database also 
need to be designed, using SQL and Boolean operators 
such as AND, OR and NOT and comparison operators such 
as > (greater than), < (less than), 2 (greater than or equal 
to), < (less than or equal to). 


Step by step: Using comparison and Boolean operators in SQL 


) These examples use the Rescue dogs table that was previously used to explain the basics of SQL (see Step by 
steps in the section SQL). 


~~ 


[E} The comparison operators can only be used with numeric fields. So, for example, to find dogs born after 
2010 you would enter: 
SELECT * FROM Rescue_Dogs WHERE Year_of_Birth > 2010 
You can of course use the other comparison operators to get different results. 
od 
The Boolean operators allow you combine selection criteria. The AND operator finds records which match 
both the criteria you set. Suppose you wanted a small male dog. The SQL statement would be: 
SELECT * FROM Rescue_Dogs WHERE sex = ‘M’ AND approx_size = ‘Small’ 
yy 
The OR operator selects records which match either of the criteria you set. So this statement will list all the 
male dogs and all the small ones (whatever sex they are): 
SELECT * FROM Rescue_Dogs WHERE sex = 'M’ OR approx_size = ‘Small’ 
v 


You can also combine criteria and operators, for example this statement will find the female dogs who are 
either black or white: 


SELECT * FROM Rescue_Dogs WHERE sex = ‘F’ AND (colour = ‘Black’ or colour = ‘White’) 
w 


I You can also use NOT in a WHERE condition. If you wanted to find all the dogs which are not the Doberman 
breed the command would be: 


SELECT * FROM Rescue_Dogs WHERE NOT Breed = ‘Doberman’ 
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> Is proprietary or open source software preferable? - 
MySQL” is open source, while products from Oracle® 
and Microsoft” are proprietary and require a licence fee 
to be paid. 


Application design 


As with any software development project, the database 
application ‘front-end’ needs to be designed, that is, the 
interface that users see, as well as the structure. Many 
database systems are accessed through a web-based front- 
end (user interface) so this is one area where this topic 
overlaps with website development. 


For more on principles that will be useful when 


designing the user interface for a database software 
application, see Unit 6: Website development, Principles 
of website design. 


The user interface design will need to define the layout 

of each screen, including labels (text to guide the users), 
fields, controls (such as drop-down boxes and command 
buttons), error messages and colour schemes. There will 
also probably need to be software application designs that 
define the procedures which connect the user interface to 
the underlying database. 


Database implementation techniques 


Like any software development project there are a number 
of ways in which the database and associated applications 
can be designed and implemented. The approach taken 
with a particular project will depend on a number of 
factors including whether this is an entirely new database 
application or if it is replacing some existing computer or 
paper-based system. 


Prototyping 

The use of prototyping is one way to attempt to ensure 
that the eventual product (database solution) meets 

the users’ requirements. Prototyping involves building a 
simplified version of the system with limited functionality. 
The prototype can then be demonstrated to the users to 
see if it matches their requirements. Prototypes can be 
further refined and added to and further demonstrations 
done for the users. However, the problem with 
prototyping is that it can delay the software development 
process as building, demonstrating and refining the 
prototypes can be time consuming. On the other hand, 
by not prototyping and not getting confirmation from the 
users that your design fulfils their requirements, you risk 
building a database solution that does not meet the users’ 
requirements, therefore wasting time and money. 
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Data conversion 

In cases where the new database system replaces an 
existing system, the issue of data conversion needs to 

be considered. Existing systems may contain very large 
amounts of data which may need to be reformatted and 
split into a different structure of tables and relationships. 


Data may also need ‘cleaning’, that is, the removal of 
inaccurate, invalid or erroneous data that, over time, has been 
included amongst the valid data in the existing database. 


These data conversion steps can be very time consuming if 
a large volume of data is involved. 


Testing 

Once the design and development work is complete, the 
database and its associated applications must be tested, 
using the test data and plans created during the design 
phase. If the system is large and developed in several parts, 
it may be possible to test each part as it is completed. 
However, once all the parts are complete, integration 
testing of the whole system must also be done. 


Quality, effectiveness and appropriateness of 
the solution 


The quality, effectiveness and appropriateness of the 
database solution design all need to be considered before 
it is implemented. 


Quality 

The quality of the design has a direct impact on the eventual 
quality of the completed database system. Although changes 
can be made to the design where faults or omissions are 
discovered during implementation, these can cause major 
delays to the project and cost additional money. 


Effectiveness and appropriateness 

The effectiveness and appropriateness of the solution 
is usually judged by the degree to which it meets the 
user requirements, which is why understanding those 
requirements is so important. The user requirements 
themselves may contain a number of differing views. 


For example, the people who will use the system may have 
different requirements from those who are paying for the 
development of the database (they are not always the 
same people). These conflicts in user requirements should 
be addressed by the database designer early on through 
discussion with the people/organisation paying for the 
development of the database. They need to consider the 
needs of the users of the database, just as the designer 
does, because if they do not then users either will not 
purchase the database or not use it correctly. 
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Other factors 
There are a number of other areas to be considered. 


>» Normalisation and relationships between data - The 
normalisation process should help to validate the 
design of the relationships between the data and the 
overall structure of the database. 


> Correctness of data - It is very important that the 
data put into the database is as correct (accurate) as 
possible. Every opportunity should be taken to validate 
data. Also, the design of the user interface should, 
wherever possible, prevent the user from making invalid 
inputs. Clear error messages should be used, where 
appropriate, to make it clear why inputs are rejected. 


> Data integrity - Careful consideration needs to be given 
as to how to maintain data integrity. This can include 
deciding whether or not to use the cascading update 
and delete features built into the database software to 
preserve referential integrity. 


Over the years, there have been a number of high profile 
database system developments which have failed for a 
variety of reasons. Perhaps the best known is the NHS 
patient records system - Google ‘NHS system failure’ for 


details. It may be that the user requirements were not 
well enough understood or the system was too complex. 
How can you ensure, at the outset of a database 


development project, that it can be implemented 
successfully? 


Design documentation 


The design of a database needs to be documented 

so that the structure and component parts are 
implemented according to the design and to meet the user 
requirements. Also it is likely that, in the real world, the 
software development of the database system is designed 
and implemented by different people within a team. 


In this section you will look, in detail, at the techniques 
and associated documentation that is created during the 
database design process. 


Requirements of the brief 


The first step in designing a database is to understand 
the client brief. This can be quite difficult as, often, the 
client will understand their business much better than 
the developer. The requirements need to be discussed 
with the client and a formal document, which describes 
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the requirements in as much detail as possible, should be 
created and agreed on. 


The requirements of the client brief are often the user 
requirements but they may also (or instead) be the 
requirements that the client has for the database, which 
may include constraints such as time for development and 
a budget. 


The users of the database are known as the audience, and 
it is important to understand who they are and what they 
require from the database: that is, understand what their 
user requirements are. The purpose of the database means 
what it is for and what questions it needs to be able to 
answer - this should be part of the client brief. 


For more on the topic audience, purpose and client 
brief see Unit 8: Computer games development, 
Audience, purpose and client requirements. 


Security and legal considerations 


Many databases hold information about living individuals 
and, as such, come under the requirements of the Data 
Protection Act 1998 and The European Union (EU) 
Directive on Data Protection legislation. 


When designing the database, the requirements in the 
Data Protection Act 1998 need to be considered. 


This act stipulates that the data must be correct, it should 
be held securely and additional personal data not required 
for the application should not be collected 


Correctness of data 

Correctness of data is a major consideration for the 
database design and not just for the data protection 
requirements. Designers need to consider a number of 
different methods to try to ensure that the data that is 
recorded in the database is correct (accurate). This can 
include techniques such as validation of input data, as 
discussed earlier. 


Securing data 

Securing the database so that only those people who need 
to have access to the data can view or edit it can be done 
in a number of ways. 


With a desktop database created with Access’, the 
database can be password protected and encrypted. This 
is particularly important if the database is stored ona 
laptop, which is vulnerable to theft. 
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Worked example: Disford Arty Centre 1 


A local arts centre has a small hall and a couple of studios which they rent out to music, drama and art groups to run 
workshops and performances. They have won a lottery grant to improve their facilities and build a small theatre and some 
music practice rooms. They want to replace the paper-based booking diary with a more sophisticated booking database. 


The centre would like a prototype of the system to be developed before the complete database solution is 
implemented so that they can check that it meets their requirements. 


The details of the requirements of the brief for the prototype database system are as follows. 

© Audience - Initially, the arts centre staff will be the only users of the database, although eventually an online 
booking will be added. 

e Purpose - The purpose of the database is to allow staff to search for and book free slots for the arts centre rooms. 
Initially, there will be just four rooms on the system: the large theatre hall, the small hall and two multi-purpose 
studios. Each room can be booked for an afternoon or an evening session. 
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The client's requirements are as follows. 

e Users should be able to pull up a list of free slots (i.e. dates and sessions which are not already booked) for a given 
room within a date range. 

e Users should be able to select and book a free slot. 

e When booking a slot, users can select an existing client (i.e. person or organisation making the booking) or create 


a new client. 
With a server-based database, a user access regime Data dictionaries 
needs to be designed which restricts the access of users The data dictionary for a database needs to define a 
Gr Broups OF users te: the <latabare, Soifattiey can catty number of things about each table in that database. 
out their jobs with regards to the database, but cannot do é- (Fisldinataes - Each field within whl heeds havea 
anything more to the database. meaningful name. 


See Naming conventions for more on how to choose 
meaningful names for fields. 


For more on security and legal considerations, see Unit 
6: Website development, Legal and ethical considerations. 


For more about the Data Protection Act 1998, see the 
Information Commissioner's Office website, 
www.ico.org.uk. 


» Datatypes - You need to select an appropriate datatype 
for each field. Datatypes help to validate data as they 
prevent accidental errors. For example, by setting a 
numeric datatype for a field, you cannot accidentally 
enter text or, if you set a date field, you cannot enter 
invalid dates. Access® provides a range of text and 


Data structure designs 


The first step in designing data structures will probably numeric datatypes plus special ones such as date 
currency and Boolean (Yes/No). 


be to look at any paper-based records and to take these 
through the process of conceptual, logical and physical 
modelling described earlier. The end result of the process 
should be a detailed ERD showing how the tables are 
related and a data dictionary which defines the fields 
required for each table. Ensuring that the data which ends 
up in the database is correct is very important and there 
are a number of ways you can help prevent incorrect 
data being accepted. This includes the details contained 
in the data dictionary about field dataatypes, lengths and 
validation rules. 


Note that the short text datatype defaults to a length 
of 255 characters, which is quite large, so you might 
want to make it shorter. 


> Validation rules - You can also add a variety of rules 
to prevent invalid data being entered. For example, 
only ‘M’ or 'F’ can be entered into a field recording a 
person's gender. This can use a short text datatype, of 
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one character length. The easiest way to make sure that only the values of ‘M’ or 'F’ 
are entered is use a lookup table. Lookup tables work fine where there are a defined 
number of options for a field but would not work where there is a range of numeric 
or date values. In this case, a validation rule is required. The following Step by step 
will show you how to use lookup tables to restrict values entered into a field. The 
second Step by step will show you how to set validation rules. 


Lookup tables 


Step by step: Lookup tables 


© Tousea lookup table to restrict the values that can be entered into field, first go to the Design View for 


the table and then for the field in question. Select Loo 


kup wizard from the drop-down list of datatypes. In this 


example, we will use the Rescue dogs table that we worked with previously, as shown here. 


(8 @ 


YAGLETOULS Watton Kennals: Database- C;\Users\Aian\Dosuments\Hatton Kennals.ac., 7 —- 
HOME CREATE —EXTERNALDATA DATABASE TOOLS Alan Janis ~ 
ea sid ~ wy 3= Insert Rows Se cal = oo 
; . aoe _ UX Delete Rows J ~ a 
View Primary Guilder Test Validation “pe Propertyiindeves Create Dats Rename/ —Reletionships Object 
. Key Rules St Modify Lookups Sheat Macros+ Delete Macro Dependencies 
| Views feels shew/Hide Field, Record A Table Events Relationships “ 
| £ SECURITY WARNING Some active content has been disabled, Click for more details. Enable Content “ 
All Acce Obie. @« Za Rescue_Dogs x ¥ 
Field Name TT Ratstype |Description (optional) [+ 
Storch >| Breed Short Text Selection type: Table Properties 
Toblec . jColour Short Text Generat 
ais isex ww Read Only When Disconnect te 
Queries a lYear_Of Birth Shert Text Subdatasneet Expanded Ne 
inti & 
INSERT 1 i Subgstasneet Height oom 
“ Approx size pong rext 7, \Gulentatien vette Right 
1H Band WF dogs poner Bescription 
Date/Time Deiauit Views Detarneet 
ot do 5 
ap nk contin Sener Lookup currency i a 
2F uppare Pietd Size 28° | autonumber 
Forms = t Fitter 
| Yes/No ‘QverBy 
.. |OLE Object Subostarnect Name if 
Hyperlink tink Cniio Fieios 
(Yaligst ae determines the kind of vatues Link Master Figo: . 
‘Validation Text i _| Attachment store in the tielet, Press Fi tor Fete: On toad Ne 
‘Required _ iu No. .__ (Calculated tip on data types Crary 87 On toad Ve 
indexed No” 
‘Unizedte Cor Ves 
IME Mode. No.Control 
AME Sentence Mode 'Noné 
Text Align _ General 


Destan view, F6= Switch panes. F1 = Help. 


P) The Lookup wizard will then ask you if you 
want to look up the values in another table or 
query (which can be useful if there are a lot of 
values) or if you want to type them in yourself. 
As we only require ‘M’ or 'F’, typing the values in 
yourself is the easiest option, so select this one 
and click Next. You will then see this next step of 
the wizard, as shown here. 
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Lookup Wizard 


What values do you want to see in your lookup field? Enter the number of columns you want 
in the list, and then type the values you want in each cell. 


To adjust the width of a column, drag its right edge to the width you want, or double-click the 
right ecige of the column heading to get the best fit. 


Number of columns: 


[i 


Cancel 


[ <tec gee] | oem 
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On this screen, in the Lookup wizard, you type the required values and then click Next. The final stage of the 
Lookup wizard is shown here. Enter a label for the field and, in this case, tick the box which asks if you want a 
Limit to the list, because you do not want any values other than ‘M’ or ‘F’ in the field. 


Lookup Wrare 


What label would you lice for your lockup field? 


Sex 
Do you want to limit entries to the choices? 
mts “ ——"""——~S—sSC<Cs‘SCS 
aR. itt tt i li Al iid 


De you want to stere rnultiple walues for this lockup? 


UOHeUUOJU! aseueW O} suuaysAs BulyeasD 


D1 allew Multple values 
Those are al! the answers the wizard needs tp create your lookup 
field. 
[cancel | [eck] 
w 


© Once the Lookup wizard is complete, you need to save the table. Then, if you return to Datasheet View and 
enter a new record, the Sex field is no longer a free text entry field but a drop-down list with the values you 
entered, as shown here. 


EHs - TABLE SDQLS Watton Kennals: Database- G\Users\Alan\Qocuments\Wattonk. =? - GO x 
HOME CREATE © EXTERNALDATA = DATABASETOOLS —-FIELDS.-«TABLE Alan Jarvis ~ A 
a YY Al Ascending YF Selection f2 enew = Tolals 2G, Replace ;Calikei Detail) vit 
chess 3 El descending "Advanced = © — BFSpelting ' $GoToe BE U = . 
View Filter eh in 3 
~ “ Ee Remove Sort YF Yogi Fille ays, XM Delete ~ EE]More~ RSdet~ A~ Y- Be 
Views % 


| SECURITY WARNING Some active content has been disabled, Click for more deals 
All Access Obje 


+Dog.Name- Breed ~- Colour -| Sex», Year_Of_Bir - Approx Size~ GiktvAdd + 


i billy JackRusseli White 2009 Medium 
2 Winston Pug Brown MM 2010 Small 
3 Bo Doberman Brown M 2011 Large 
4 Shep Somer Collie Black wi 2006 Medium 
5 Rodney Jack Russell Grey F 2010 Medium 
6 Butch Bulldog White F 2011 Medium 
c 7 Sally Boston Terria Grown F 2013 Small 
oY uspme 8 Patch Alsatian Black M 2013 Large 


- as ee a eee 
* Q ™ ] 8 
F 


The same technique (as that shown in the Step by step here) could be used on the Rescue dogs table for the Approx_ 
size field to limit the options. Remember that if, for example, a dog’s details were entered and its size is misspelt, for 
example ‘Medum’ rather than ‘Medium’, then that dog would not appear in any query searches for medium dogs. 
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Validation rules 


Lookup tables work fine where there are a defined number of options for a field 
but would not work where there is a range of numeric or date values. In that case, a 
validation rule is required. 


Step by step: Validation rules 


&) Again, using the example of the Rescue dogs table most recently used in the Lookup tables Step by step, 
suppose that you had a field for the dog's weight in kg. Dogs come in a wide variety of sizes but are rarely less 
than 2 kg or more than 50 kg. This screen shows how you would create a validation rule to restrict values to 
greater than 2 and less than 50. 


LS Wetton Kennalz: Database- C:\Users\Alan\Documents\Watton Kennalsaccdb (Acc, 2 — O & 


Aten tenis ~ FY 


BH ®- es 
Prue | HOME CREATE EXTERNALDATA = GATABASE TOOLS 


TA © bem [Ely 


ha] igual 
4X Delete Rows | = > a cS 
View Primary Builder Test Validation pq WPropartysindexes Create Data Rename/ Relationships Object 
. Key Rules Modify Lookups gage Macros~ Delete Macro Dependencies 
Views ee el TF ae Show/Hide Fede, P Pelatonshipe be 
Uf) SECURITY WARNING Some active content has been disabled, Click for more details, x 
All Access Obje... © « | 3 sue boas = Pre a 
NES Fleld Name Datatype Destription optional) i] Property Sheet * 
‘Seorch. o=) Sex Short Text | | Selection tyne: Table Properties 
ho ee % | lYear_of girth Number At Sarena 
oot Rescue Deas | \approx_size Short Text 0 5 
Queries & |) \Weight Sumber E 
&Y NseRT « 
TB bend wr dogs Flelg Properties tie 
1 not doberman are 


oF] UPDATE 


[Decimal Places 
‘Input Mask 
ception _ 
Pefayit Value | 
fYattoetion Rule ipeZand<eSp Require dute entry in this field? 
i Masoetion Text. oe must be greater than 2. me 
fe. 


‘Filter Op. lead _ 
Orler By Om bord 


w 


Note that the default value for this field has also been changed from 0 to 10, so it does not violate the 
validation rule. The default value is the value that appears in the field before the user types anything. The 
validation text is the error message that appears if the rule is violated, as shown here. 


rn - a 


Gl &- os ‘Reis TOOLS. 
HOME SREATE EXTERNAL DATA DATABASE TOOLS FIELDS: TABLE 
| a Be % Cut Y Bl Ascending ¥ Selection - New > Totals Shc Replace | Calibri (Detail) 
1 | Be copy Ri Descending ‘TsjAdvenced + swe —% Spelling SGom- BIL #é 

View Paste Fitter _ resi ind wy 

i Format dy RemaveSort WToggiefitter ae 2 Uclete + EMore~ Dy seet- Ae ~ De 
Miews Ciipboars co Sorta Fitter = (Reems ind Text Formatting ° “ 
A) SECURITY WARNING Some active content has been disabled. Clicktfor more details, | _ Enable Content x 
All Access Clje.., © «<p : 
eg a DogID ~ DogName. Breed + Colour + Sex + Year_Of_pir~ Approx sin) Weight » <ikictoAud « 
Tables * 0 Scruff Jack Russell = Brown M 2013 Medium 10 

ATT Lully Jack Russell White F 2009 Medium 12 

at finisane Rage 2wieston x 2010 Small 8 

Sect * 3 BO sch tacaeed 2011 Large 38 

aE instar 4 Shep 2005 Medium 20 

CB sand we dops 3 Rotiney A Weight must be greater than 2 snd tass%ten 5D 2020 Medium » 

BB onot doberman 6 Bulch = 2011 Medium 15 

AV vroare 7 Sally ove 2918 Smak 49 

5 § Patch as this i i id Eons Large iB 
Sipe Seeggrnggener grrr! dud edo Sasa 
. 0 ° 19 


Record: t_4 [foot «] > HL 
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Care must be taken creating validation rules as, unless the validation text is clear, users 
may not understand why they cannot enter certain values in a field. Also, note that 

if you change the validation rules on an existing database table which contains data, 

all the records in the table need to be checked to ensure they do not violate the rule, 
which can take a long time if there are a lot of records. This is one of the reasons why it 
is important to get the design of the database right before you put lots of data in it. 


Worked example: Disfford Arly Centre 2 


Conceptual model 


In order to create the design for the Dissford Arts Centre booking system database, the first step is to work on the 
conceptual model. From the current paper-based diary shown earlier, we can extract the following fields. 


* Date (the date of the booking). 

* Room name (can be Large theatre, Small hall, Studio 1 or Studio 2). 
* Session (can be afternoon or evening). 

® Client name. 

¢ Client telephone number (plus other details such as address etc,). 
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If we put this into a single table and add some actual data, it would look something like this. 


Date Room Session Client name Client tel Client address Client town 


9/11/15 Large theatre Afternoon 


9/11/15 Large theatre Evening Drama Club 012345678 10 High St London 
9/11/15 Small hall Afternoon 

oII/15 Small hall Evening J Smith 079999999 28 Station Rd Norwich 
S/1T/15 Studio 1 Afternoon Art Society 012398765 66 Main Rd Watton 
S/1I/15 Studio 1 Evening Art Society 012398765 66 Main Rd Watton 
9/1/15 Studio 2 Afternoon 

9/11/15 Studio 2 Evening Rock band 079988888 3 London Rd Thetford 


This shows all the booking slots for one day (? November). Note that some of the slots are free (no client details 
recorded). 

Based on this information, it is fairly clear that there are three entities: Clients, Rooms and Booking slots. Clients 
‘reserve’ booking slots and Rooms ‘are booked’. The conceptual ERD looks like this (see Figure 2.7). 


Reserve 


< Booking slots 


Are booked 


> Figure 2.7: Conceptual ERD 


Logical model 

From this conceptual model of the database, we can now develop the logical model. 

We know that each table needs to have a primary key and that this key needs to be unique and that it is best if it 
takes a numerical value which does not have meaning outside the database (e.g. Client name does not make a good 
primary key). Therefore, our data table should now look like this (for simplicity the client address and town have 
been left out). 


Booking Date Room Roomname Session Client Client name Client tel 
slot ID ID ID 

1 9/11/15 1 Large theatre Afternoon 

2 9/11/15 i] Large theatre Evening 1 Drama Club 012345678 
3 IIIS 2 Small Hall Afternoon 

4 9/11/15 2 Small Hall Evening 2 J Smith 079999999 
5 9/11/15 3 Studio] Afternoon 3 Art Society 012398765 
6 O/T1/15 3 Studio Evening 3 Art Society 012398765 
7 9/11/15 4 Studio2 Afternoon 

8 9/11/15 4 Studio2 Evening 4 Rock band 079988888 


From this we can create our logical ERD (see Figure 2.8). 


Clients 


[ClientID | 

\Clientname _| Booking slots 
Client Tel Booking slot ID 
[Client address | 

Client town Session 


Client ID 


Rooms 


Room ID 
Room name 


> Figure 2.8: Logical ERD 


Data dictionary 


We can also create the data dictionary for each table, which describes each table and their fields in much more 
detail. 


Data dictionary: Clients table 


Field name Key? Datatype Validation 

Client_ID Primary Integer Automatically created by Access 
Client_name Text, 25 characters 

Client_tel Text, 12 characters 

Client_address Text, 25 characters 

Client_town Text, 25 characters 
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Data dictionary: Booking slots table 


Field name Key? Datatype Validation 

Booking_slot_ID Primary Integer Automatically created by Access 
Date Short date 

Session Text, 10 characters Can only be afternoon or evening 
Client_ID Foreign key from Clients table Integer Must exist on Client table 
Room_ID Foreign key from Rooms table Integer Must exist on Rooms table 


Data dictionary: Rooms table 


UOITEWJOJU! aseUeLU 0} SWaysAS BUNBAID 


Field name Key? Datatype Validation 
Room_ID Primary Integer Automatically created by Access 
Room_name Text, 25 characters 


For the sake of simplicity, only a small number of fields have been included in these tables; in a real database there 
are likely to be many more fields. 


Naming conventions 

There are a range of conventions (rules) which can be used for naming database 

objects such as tables, fields, queries etc. The most important rules are the following. 

>» Do not use spaces - rather than First Name, use First_Name or FirstName. Access” 
allows you to use spaces, but it can cause problems if you use the database on a 
web server or with other database software. 

> Do not use names that are reserved words - such as ‘date’. (Access° will not allow 
you to do this anyway.) 


Entity-relationship designs 
ERDs need to be created at the conceptual design phase and refined in the logical 
design phase. Examples of ERDs are given in the worked example above. 


Normalisation 

As described earlier, the process of normalisation is used mainly as a validation 
technique to check if the conceptual and logical model of the database design is 
correct. The normalisation process needs to be documented with descriptions of the 
way in which each stage was completed. 


Worked example: Diffford Arty Centre 3 


The normalisation for this data is fairly simple. If we look at the first table under the heading ‘Logical model’, in the 
previous Worked example, then the Booking slot ID is a suitable primary key, and since it is nota compound key this 
data is already in 2NF. 

Remember that the requirement of 3NF is that if non-key attributes depend on other attributes within the data, then 
they need to be moved to another table. In the data shown in this table, if we know the room ID then we can identify 
the room name, so these two need to be moved to a separate table. 

The same is true of the Client ID — if we know this, we can uniquely identify the client name and their telephone 
number. Therefore the normalisation exercise produces the same result as shown in the logical ERD, validating that 
our design is correct. 
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User interface design 


The user interface can usually be broadly divided into the 
parts of the interface used for data entry and those used to 
present information to the user. 


Data entry 

The most important aspect of designing a data entry 
interface is to ensure that, as far as possible, the data that 
is entered is correct. There are a number of ways to ensure 
the correctness of data. 


» Validation - Various validation methods can be used. 
For example, dates can be validated to ensure that they 
fall within the correct ranges (so a date of 31st February 
is clearly recognised by the database as being incorrect). 
The use of a ‘date picker’ (miniature pop-up calendar) 
is one way to make date entry easy and to help reduce 
errors. 


> Verification - Verification is used where the correctness 
of data entered is essential. It involves entering the data 
twice and checking that both entries are the same. It 
is often used for setting passwords and entering email 
addresses into forms. 


> Calculated fields - Calculated fields can also be used to 
check numerical data. ‘Check digits’ are a commonly 
used example of a calculated field that are used by 
banking applications to avoid errors in the manual 
inputting of bank account and debit/credit card 
numbers. This involves the addition of one or more 
digits to a number which are calculated from the 
preceding numbers. 


> Input masks - Input masks can be used where the data 
follows a pre-set format, for example NI numbers. 
These always consist of two upper case characters, 
followed by six numbers and a final single upper case 
character. The mask ensures that the data that is entered 
into the NI field must fit this pattern. 


> Directed input - Directed input can be implemented 
where only a fairly small range of different values is 
acceptable, An example would be a value for gender, 
which can only be ‘Male’ or ‘Female’. Methods of 
directed input include radio buttons (where there are 
only very few values) and drop-down lists. 


Creating systems to manage information 


Task automation 

The user interface design should make the user’s life easy 
and should automate procedures whenever possible. 
Fortunately, Access® provides a number of facilities that 
make automation of many tasks quite easy. However, 
details of how each task will be automated should 

be included in the design. Some of the areas where 
automation could be used include the following. 


» Imports - Data may need to be imported into a new 
database from an existing one, so a design needs to be 
produced that maps the tables and fields across from 
the old to the new database. Access” provides a step-by- 
step import facility, which is covered in the Step by step: 
Importing data and using an action query to manipulate 
it. You can save the import steps so that you can run the 
automated import any time you need to. 


» Updates - Automated updates to a table can be done 
using action queries. These are a special type of query 
which as well as selecting data based on certain criteria 
can also modify data. Action queries used to update 
data can be designed in the same way as select queries. 
An example of this is the Worked example: Dissford Arts 
Centre 2. 


> Deletions - As with updates, action queries can also be 
used to automate the deletion of unwanted fields or 
records. 


Data reports and presentation 


The most important design consideration for the parts of 
the user interface that present data to the user (such as 
queries and forms) is that the data is reported/presented 
in a clear way with the correct fields shown in the correct 
order. 


The use of colours, lines and boxes within the tables may 
also help the user to understand the data. As well as 
presenting information on the screen, many databases will 
need to produce printed reports. 
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Step by Step: Creating forms 


—) Access” provides a simple way for you to create forms to use for data entry or displaying data. This example 
uses the online orders database that was discussed earlier. 

wv 
) To create a form for the Customers table, 
first make sure that you have the Online 
orders database open and the Customers 
table selected. Then go to the Create menu You can choose from more than one table or query. 
and choose the Form Wizard icon. This will 


Form Wizard 


Which fields do you want on your form? 


take you through a step-by-step process to ——— _ 
create a simple form. First, it will ask you Eeeetars ¥] 
which fields you want to be included in the Available Fields: Selected Fields: 
icutomer Number | 
form, as shown here. eercaE ca 
Customer_SName [>>] 
} | 
saaee 
wr 


In this case, you want all the fields, so click the double arrow to move them all over to the selected fields 
box and then click Next. Then it will ask you what layout you want. This is something you can experiment with 
to see what kind of results you get, but for now just leave ‘Columnar’ selected and click Next. Finally, it will ask 
you what text you want for the title of the form. The default setting of the table name (Customers) is fine. Also 
leave the default setting selected which will open the form and view data (rather than opening it in design 
view). Click the Finish button and you should see the form displayed, as shown here. 


| Ba Orders: Database- C\Users\Alan\Dos uments\Orders.accdb (Access 2007 - 2013 file format) - Access 7 - Mm x] 
Jue | HOME CREATE EXTERNAL DATA. DATABASE TOOLS Alan Jarvis + ¥ q 
fea X Cut Y 5} ascending —Y- Selection B 12 New di Re 
Hi 2 a = 
‘ Ey Copy é | Descending “Eg Advanced ~ n Seve en 3. 
View Fitter. » 
é * Format Pamter Be Remove Set “Y" Toggle Buiter ies ” 3 Delete El More~ & 
_Miews Bo Sort Filter P Records __ __Find Text Formatting a 
Si) 
th x 
All Access Obje... 4 |] 5H costomes 


Search *| Customers | 


Cutomer_Number ol — | 


Name Bert 


mer_SName Smith 


EB) customers 


Form View 


uoleWoju! adeueW O} suaysAs BuITeal> 


123 


Worked example: Diffford Arty Centre | 


One of the main requirements of the prototype database system is that users can enter a date range and then see 
a list of all the available slots for rooms during that period, and then proceed to book one of the free slots. The user 
interface design for this process could look something like this. 


Step 1: The user enters the date range for when they want to see the available slots, as shown in Figure 2.9. 


Start Date | 


End Date | 


> Figure 2.9: Date range data entry design 
Step 2: The user is presented with a list of available booking slots as shown in Figure 2.10. 


Available slots 
Booking slot ID | Slot Date |Session | Room name 
nnnnn nn/nn/nn | Xxxxxx XXXXXXX 


nnonnn nn/nn/nn_ | Xxxxxx XXXXXKX 
nnnnn nn/nn/nn__ | XYwox XXXXXKK 
nnnnn nn/nn/nn | Xxxxxx XXXXXXX 


> Figure 2.10: Available booking slots design 


Step 3: The user clicks a button next to the available slot they want to book and is presented with a form on which 
they complete the booking, as shown in Figure 2.11. 


Make Booking 
Booking slot ID | nnnnn 
Slot Date nn/nn/nn 
Session | Xo000 
Client ID nn 

Room ID 
Room name 


> Figure 2.11: Make booking design 
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Extracting and presenting data 


One of the main benefits of using a relational database is its ability to extract and 
present data in many different ways. 


Queries 

Queries provide the main way to extract data from a database. We have looked briefly 
at how to-use SQL to extract records from a table which match certain criteria, but 
there are many more powerful features you can make use of. 


The visual interface that Access® provides for creating queries can be easier to use than 
SQL and it also provides a number of useful features. You can, of course, always look at 
the SQL that is created by selecting the SQL View. 


The same Online orders database that was used for the normalisation exercise will 
be used as an example. This database has four tables: Orders, Customers, Products 
and Order-products. Given the way that the database is structured, the details of an 
individual order are not stored in one table, but spread across the tables. A query can 
therefore be used to bring all the information about an order together. 
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See The stages of normalisation. 


Step by step: Queries 


§) To create a new query in Access”, first, go to the Create menu and choose the Query Design icon in the 
toolbar. Access” will then display the Show Table Dialog shown here. 


Show Table ? x 


Tables Queries Both 


air ee 
Order-praducts 
Orders 
Products 
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[2] Click on each of the tables and then click Add. Then click close and you will see the Query Design View, as 
shown here. 


QUERYTOOLS Orders: Database- C:\Users\Alan\Documents\Orders.actdb (Access 2007-2013 fileformat)-Ac.. 7 —-— O X 
EXTERNALDATA © DATABASETOOLS DESIGN. Alan Jarvis » A 
+! wl union ee. Ee Insert Rows RY Insert Columns > i =] Pes pets Sheet 
Pass-Through 2 Delete Rows Delete Columns i be Haw : 
i ce) gh x R TP telettmes, | 
‘Make Append Update Crosstab Delete Show * Totals Parameters ed 
ae Table LZ Data Definition Table 2S Builder Tl Return: {Alb : 
te ey pe clits se Query Setup ore, Showfllde « 
| au ‘SECURITY WARNING Some active content has been Raneuchnee aan ‘Enable Content x 
EB customers {4 Ord... ¢ Products | M Order-produ.. = ‘Relationships { A Query? xt 
|All Access Obje... © : — = — < Property Sheet x 
| one = 2 Customers Order-products Orders Sejection type: Query Properties 
Tables ® 7 = mi General 
EB customers || W cutomer.Number | >——] BP rder_number F Order Number 
EB order-proaucts | Customer_FName ¥ Product_D ‘Customer_Number 
Customer_SName Quantity | 
| | 
| 
Products 
F Product iG 
Description 
Price 
4 ‘ 
Field | 7 | 
Table: 
Sort: 
Seow: oO Oo Oo oO o 
(Criteria: | 
or 


wr 


From the Orders table (in the top part of the Design View), click and drag the field ‘Order_Number’ down 
into the first ‘Field’ column of the query grid in the lower part of the display, as shown here. 


OH to QUERY TOOLS Orders: Database- C:\Users\Alan\Documents\Ordersaccdb (Access 2007- 2013fileform. 2 — O x 
HOME CREATE © EXTERNALDATA © DATASASETOOLS ~=—DESIGN Alan Jervis ~ FO 
| ei +! ‘| fee Union & 2s Insert Rows “Pincet Cohan x By 
me ® Pass-Through 3X Delete Rows 5" Delete Columns 


Make Append Update Crossteb Delete 


Totals Parameters” 
. Table LS Dota Definition etd EN Builder TB Retum: 


__ Resutts Query ype ry Setup Show/Hide 


“TT SECURITY WARNING. Some active content has been disabled. Click for more details, | 


All Access Obje... © « [SF ovaers query —— - Property Sheet * 


View he 


a 
Pal 


sear ca Customers | ree | Orders [[- Selection tyne: field Properties 
ta ‘| |B : = = 
Be histones | ¥ Customer Number ae || ¥ Order number ¥ Order Number 
EB order-produtts Customer_FName | | 9 producto Customer, Number 
EB orders Customer Same | Quantity 
EB Products | 
Queries ag ———— $$ = ——} 
al eter aver Pros 
Forms z5 zs 
FR) customers P Product ID | 
Description | 
Price 


| Field: | order.Number (21 

Table: | Orders 

Sort 

Shows oD. oO o o 


Criteria: 


or 
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©) Next do the following: 
* from the Customers table, drag the field Customer_SName into the next column of the query grid 
® from the Products table, drag the Description and Price fields into the query grid 
® from the Order-products table, drag Quantity. 
The query grid should now look like this. 
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—_ — - —_ 
QUERY TOOTS Orders: Datobase- C\Users\AlarADocuments\Ordersaccdb (Access 2007- 2013fileformat)-Ac. 2 — O x 
DATABASE TOOLS DESIGN | Alon Jarvis - FOR 
1. Binion E sert Columns ¥ & EI Property Sheet 
+ Xe Pass-Through | 36 Delete Rows 5 Delete Columns a FY Table Names, 
View Run Select Make Append Update Crosctab Delete a how Totals Parameters 
= Table EE Data Definition apie Ds Builder BBRetune lal 
_— Results Que oe Query Setup, Snowmiide 2 
ca SECURITY WARNING Some active cantent hes been disabled, Clickformare details, Enable Content * 
@ «i! |= Customers (ES ra... (EH Products (ES order-produ,.. (=F Relationships | 2 Quenyt 
All Access Obje... — = = Property Sheet * 
Seach Pees 2 | Customers Order-products | Orders Selection type: Carary Properties 
Tables R : | = ~ } Generel 
EB Customers i  cutome_ Number $ ondermumter + Y Order. Number [Desenption a 
=} order-products i ‘Custamer Fame, 8 preduetw — Customer Number [Defi hee! 
2 orcers i Custamer_Sttame Quantity | lea — 
—_ ‘ 1 [Unique Values 
| TES - _ | ‘Unique Reso: _ Na ' 
| Produsts 
| : - 
| Ri 
G Produc_(D scontsst Tp 
| Cescription _ 
| Price 
- 7 
Field: /OraerAlumner {Customer SNave ” “Deserigtion | jouentey Ea  ebeeeshed eiaet 8 
Table: Oxders [Customers _ Tproducts Products Ontenproduds | | }ees 
Sot t 
Pepe “BO i | : | 
Criteria: 
on | 


) To run the query, click the Run icon in the toolbar and you should see the results, as shown here. 


Te HS @- = Orders: Database- CAUsers\Alan\Documents\Orders.accdb (Access 2007 - 2013 file format) - Access 7-68 x 
Prue HOME 1 CREATE  EXTERNALDATA DATABASE TOOLS. Atantanis ~ [ON 
cella, A . 2 ab |< ee 
*, ech Y ae " [2 i = dé, ap. 
cage Descendi ol © : Si > 
Paste Ei Copy Filter B ending ta] ia aa Find 


‘efresh 
Format Painter Be RemoveSot “F  — a~ Delete - Ee 


[9 Save the query by right clicking in its tab and choosing Save. Give the query a meaningful name such as 


‘Orders_query’. 


Recor Mot iT 


— 


| views Clipboard & Sort & Filter Records eer Text Formatting: fi n 
1) SECURITY WARNING Some active content has been disabled. Clickfor moredetails, | Enable‘ [ EnableContent _ | x 
eee ee | 
All Access Obje... @« |= Customers (EE Ord... FER Products \ EE Grder-pradu... EF CRG, ‘Query? \ x 
timers p —— Description 7) Pre » Quantity ~ 
Search. 
2 
ee # 2 Headphones 
comers: ogg . ee eS ee 
Pen 
2) order-products Book 
EB overs Pen : 
SI Products ___ Headphones 
| Pen 
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Calculated queries 


You can also create calculated fields in queries. For example, in the query just created it might be useful to multiply each 
product price by the quantity to get the total cost of each product ordered. 


Step by step: Calculated fields in queries 


§) To do this, open the previous Step by step, ‘Orders_query’, and return to the Design View. In the empty 
right-hand column of the query grid, type the following expression: 


MA = QUERY TOOLS Orders s Database CAUsers\Alan\Documents\Orders.accdb (Access 2007- 2013fileformet)-.. 2? = — xX 

HOME CREATE EXTERNALDATA —-DATARASETOOLS ©——_DESIGN Alan Jervis ~ FY 
| 
mr . : = 
P jo Ee Es @ Union = = InsertRows —“f"'Insert Columns {Et Property Shest 
fal pest vl Bt Mee + > Ts ; 
* Pass-Through IX DeieteRows Delete Columns Nes Table Names 
View Run jSelect. Make Append Update Crosstab Defete Show Totals Parameters cSt 
~ Table be Date Definition Table Ss Builder TB Return: Aw ° 

ve Resutts — — -_ Quen Tyre 7 Query Setup _ Show/Hide * 

(1) SECURITY WARNING Some active content has been disabled. Click for more details, Enable Content x 
ja @ «| SP orders_query res 

All Access Obje... 8 ee - ~ Property... * 
as a | Customers | Order-products Orders Selection tyne: Field 

Tabtes * 1 Propertit 

f . Genera 

EB customers | & cutomer_Number © Ordernumber @ Order Number e oem 

EB order-products Customer FName F Praduct_D Customer_Number) 

EB oraers | Customer Same Quantity 

EB Products | 
Queries zx as \ 

Bl wae. ey | Products | 

7 . | . | ; 

iel 
decue Calculated field 
Description 
Price 


Field: | Oraer_tumber Customer SName — 'Desziptian [Price [Quantity Fetal: Pricel(Quaretty] +. 
Table: | Graers Castomers {Products (Products |Order-products 
Sort: | | i 
if i 
Show: 4 4 | a & i 1S] =] 
Gitevia: | 


on 


©) If you now run the query, the added field shows the total for each item ordered, as shown here. 


BH S- @-s Orders : Database~ C\Users\Alan\Docurnents\Orders.accdb {Access 2007 - 2013 file format) - Access 27-o x 
HOME CREATE © EXTERNALDATA DATABASE TOOLS Alen Jarvis ~ By 
Y | Ascending ¥ Selection la New > Totals fi, 23 Calibri vat 
83 Copy "Zl Descending f]Advanced cHswe  % Spelling a- BruUs+ « Ee 
Filter ; Find this a 
: . Ae RemaveSort WF Toggle Fitter alj~ >) Seiete + HMore~ By Ar’ O- =e ia- 
Views Clipboard — Sort & Filter ___ Records Find Text Formatting m “ 
t SEQURITY WARNING Some active content has been disabled. Click for mare details. Enable Content x 
All Access Obje... © « ] 2 orders. query ———— — 
;CustemerS ~ Description ~ Price Quantity - Totai ~ 
Search. Be) lair noe a 
Tables ES =~ 
= 2 Smith Headphones a 
ies 2'Smith Pen £4.00 2 
Order-products 3 Williams Book £8.00 a 
ER Osders 3 Williams Pen £4.00 1 
EEA Products 4 Jones Headphones £22.00 2 
Queries & 4 Jones Pen 24,00 2 
B=) erders_auey *) (New) 


[Record 4 flor? |b MD 
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Queries using multiple criteria 


As well as typing the criteria that you wish to apply to a query directly into the query grid, a query can also pick up 
values used as selection criteria elsewhere. The simplest method is to use a pop-up dialog box to collect values for the 


criteria from the user. 


Step by step: Queries using multiple criteria 


Learning aim B UNIT 2 


UONPUUOJU! BSCULW O} SLUaySAS BUIIEA!> 


©) For example, suppose (@ a s- ; “QUERY TOOLS Orden: Dalshse- C\Usen\AlerADocumenis\Ordenaccdb(Acces2. 7 — Gl 
. HOME CREATE EXTERNAL DATA ‘DATABASE TOOLS ~—OESIGN Alan Janis ~ 
you wanted to use this aay 1 =a 23] pl P| & kx Union ta = Insert Rows “SY Insert Columns > Fy [FE] Property Sheet 
query (from the previous (a a [Siete Append Upse Canat Doan SMETNmGh ST xdeetis BK odsecotes 2 UA 
Step by step) to look up e Table BE Data Definition Jabfe Builder 2B Returre fat + 
Results ‘Query pe = ‘Query Setup Show/Hide “ 
(SECURITY WARNING Sameactive content has been disabled, Click formore details. '  EnableContent | x] 


a particular customer's 


. in H Ze [SP orders. query 
orders. You could just add |All Access Obje.. = = = Property . 
the customer number nares A Customers | Order-proctucts Orders Selection type: 
4 : | * Genzial Leskup 
4 f. a eter number _ 3 ler Number: Pg 
from the Customers table * Cacao a] gecacee seal ” cee | 
. Cust 1 SMa Quantity 
to the query grid and seca || ° ‘ou 
then type the customer a ae = 
number you want ee 
selected in the Criteria Degen | 
. i | 
column of the query grid, ‘ 
as shown here. fe german Jesemanmon cnomesue poor pe 
Sort . i i} 
a ee, Criterion 
eS | _ forthe 
| 
query 


wv 
This example would BH S- = QUERTTOOLS  Onders: Databare- C\User\Alan\Documents\OrdersaccdblAcces2. 7 — OM X 
just display the orders HOME CREATE © EXTERNALDATA «DATABASE TOOLS =—«DESIGN Aten arvis » {OY 
ra ft Fe | i @ Union Hee] & Inset Rows “4” Insert Columns _ Ej Pinpenty Sheet 
for customer aay aad a tl He o Ok @ PaThough ES Dale Rane Dele Colas 2 , i me 
C02. You can get the ° aie LC Data Definition Taye SS Builder Brew fr} 
i : Resulls Query ire —_ _ Query Setu Showitige n a 
query to display a dialog | sccusrvwanwna some rive caientnerbeendabled Cor more detits. [Eaton] x 
box so that you can type | Ali Access Obje... © = | esr x 
in a different customer =. #1 _—__Sestomers Onder products Ores 
number each time the 2 cucome, panes  Order_suner + V onde pnamver 
? E Customer_FName 8 Poducd re ‘Customer Numizar 
query runs. To do this, ow Custamer_stiame Guantts 
HB Products 
enter the prompt you Bosce . SS = 
Si orcess avery 


want in the dialog box, 
surrounded by square 
brackets, as shown 


here. This is known as a 
parameter query. 


Field: | Order_Number 


Table | Grders 


[{SustomerSName ” ; Descntion 
Customers ‘Products 


‘Cutomes_Numbe 
Customers 


goo 


[Enter curtomer numb s"| 


| 
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Now when you run the query, you will see the dialog box, as shown here. 


Enter Parameter Value t x 


Enter customer number 


| : | 
[x] [cornet 
v 
©) When you enter a valid customer number, it will display only matching records. 


Query form vaiues 
It would be even more useful, in terms of creating an easy-to-use application, if the 
query could pick up a value from a form. 


Step by step: Query picking up a value from a form 16 Steps 


§) in the Step by step: Creating forms, we created a simple form for the Customers table. Now we are going 

to add a button which will open the query showing the orders that a customer has placed. To add the button, 
open the form that you created earlier, then click the View icon and choose Design View. This will display the 
form in Design view, as shown below. Drag the Form footer down a little to create some space for the button. 


BBO + > = Orders: Database- C:\Users\Alan\Documents\... FORM DESIGN TOOLS ? = Bx 
HOME CREATE  EXTERNALDATA  =DATABASETOOLS DESIGN = ARRANGE = FORMAT Alan Jarvis - Fo 


ae colors ® — FS By I i . | 3 Boge i =) Re ia 
: Le abl] Aa b=) |) =j][-) "EY Title cad po 
View Themes [A] fonts ~ —— SSS = Insert Add Existing peed Tak oy 
, * Image Date and Time Fields Sheet Order “G 
Views. _ Themes Controls ___Header f Footer nee, Wools 
l | SECURITY WARNING Some active content has been disabled. Click for Taide Enable Content x 
23] Customers x 
All Access Obje... © « | eh = pce tin a x 
amen 2h ~ fy ee ee Se RD RT SO CS OS SN Property ... 
aes om : € Form Header Selection type: Form 
cae || Form - 


HB customers THK 
FEA Order-products in | ] 


For Dataver Oth_ AIL. 


hassel mt 
=) oraers 

oa | 

El Proaucts if 

Queries & it Cutomer_Nur. 

HF oorders_query ie : : 

= Customer_FName 
1 t " : 


, 
somar_st e Customer_SName 

| i | = 

i 


Customers 


H 
i 
1 
Forms a || 
i 
i 
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Now, in the Controls section of the toolbar, click the Command Button control and drag out a button on the 


lower part of the form. This will open the Command Button Wizard, as shown here. 


Learning aim B UNIT 2 


A FORM DESIGN TOOLS 
HOME CREATE —EXTERNALDATA DATABASE TOOLS DESIGN.» ARRANGE = FORMAT 
é Lege | 2 & 
al) Hel color - i som fl ® BO ei sss 
ib woo] Pod. vom 
s al | l] Aa Gas) 18 — Button van 


View i [AlFon 


ts 


Views 
{ 
| 2 SECURITY WARNING Some active conteyy/as been disabled, , Clcefor me 


Themes What action do you want to happen wren the button is 
pressec? 


Different actions are avaliable for each category. 


All Access CP aaaiand 
| Search. 
Tables 
ES customers 
fsz3| Order-products 
Somers 
ES Products 
Queries: a 
|  orders_query 

Forms 2 
ES customers 


TTS, 


The err ea a ee 


Command button 
dragged out on the form 


0 2a ee ee el ee 


Command button Wizard 


Ww 


Alan Jarvis ~ 


[ 


roperty ... * 
gction type: Commar 
Button 


mmana? 


~ 


UONPUUOJU! aseUeW O} sAalsAs BulyeaL> 


fr Datagver Oth All 


zbied 


Choose Miscellaneous in the list on the left-hand side and then Run Query on the right-hand side. Click Next 
and choose the name of the query you are working on. Click Next again to select Text to appear in the box. 


Enter something like ‘View Orders’, as shown here. 


Command Button Wizard 


Do you want text or a picture on the button? 


If you choose Text, you can type the text to display. If you 


View Orders 


choose Picture, you can dick Browse to find a picture to display. 
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©) Now you can click Finish and the button is added to the form. At the moment, the button will show the 
query, but will show all the orders for every customer. We want to transfer the current Customer_Number field 
to the query criteria, Save the form and open the query in Design View. The expression we need to add in the 
Criteria column is as follows: 

[Forms]![Customers]![Customer_Number] 


This tells the query to obtain the criteria from a form called ‘Customers’ and a field called ‘Customer_Number’, 
as shown here. 


ww 


[5 Note that the query now will not work on its own; it will only work when opened from the form. 


a, —_— 
HW §- @-s QUERY TOOLS Orders: Database- C:\Users\Alan\Documents\Orders.accdb (Access2.. 2 — TM x | 


HOME CREATE © EXTERNALDATA —-DATABASETOOLS ~—_—ODESIGN Alan Jarvis ~ | 
z SS = 7 Pay GD union B = Insert Rows “SY insert Columns > its] Preperty Theat 
El! maa +! wv! aa a 


. ® Pass-Through 3X DeleteRows SY Delete Columns =F Table Namer 
View Run Select’ Make Append Update Crosstab Delete ba Sh « is 


ow oe Totals Parameters 
: Table B< Data Definition Tabje 2 Builder TPretum:jan >| 
Resuits _ Query ype metry Setup Show/hide 
y SECURITY WARNING Some active content has been disabled. Click for more details. Enable Content x 
. 6) «| De orders query x, 
All Access Obje... © ae - - —— —= Property Sheet x 
ee ra Customers Asdes-products Onders Selietion type: Field Properties 
a ” « = General Lookup 
- | oa 
@ Customertumbes ——_| @ Ordernumber |+——4| YF orderNumber | I 
Customer_FName B rreduct io fecal CustomerNumber } 
Customer_SName Quantity t 
(Tet Format 
Queries & | 
Si ogntes een Products | 
Farms i & 7 | 
Customers 9 Product1D | = 
Raccrintinn is 
‘ iF 
= GD 
Field: | Order_Number | Customer, SName |Description | 
Table: | Orders a re Customers [Products 
Sort | i | | 
Show. | a a 1 a i u 
Criteria: | Fodees]iOastomersiYcseorneas umber] _ | 
or 
| | 
| 
| (et) __ _ Bl 
Ready list mi be 


wv 


© Save and close the query. Open the form again, use the navigation buttons at the bottom to select a 


particular customer, then click the button and the query will display only those orders for the current customer 
displayed on the form. 
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Learning aim B 


Worked example: Diptford Arty Centre 5 


You have already completed the user interface design for the main booking process (finding an available booking 
slot and then making a booking in a free slot). Now you will need to use a query to find free booking slots. You 
can use a parameter query to select the date range of the booking slots and, by setting a criteria of only those 
booking slots which have no client ID in them (i.e. they have not already been booked), the query will select only 
available booking slots. Since Client_ID is a numeric field, it has a zero in it if no booking has been made. We 

can outline the design for the query like this (another possibility would be to look at the SQL for the query by 
selecting SQL view). 


Query name: Find_slot 


im) 
c 
ivy 
f:*) 
=a 
= 
da 
wn 
3 
_ 
aQ 
3 
w 
ow 
3 
3 
i 
> 
m 
aq 
oO 
= 
3 
= 
3 
ist) 
= 
a 
s 
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Tables: Booking_slots Rooms 
Query grid: 
Field Booking slot_ID Date Session Room_name Client_ID 
Table Booking slots Booking slots Booking slots Rooms Booking slots 
Sort In date order 
(ascending) 
Criteria Between start and 0 
end dates 
Notes (does not need to 


be displayed) 


Action queries 


All the queries mentioned so far have just been used to select and display data, but 
Access” also supports action queries, which can make changes to data. Being able to 
make changes to data is useful, for example if you needed to update every record ina 
large database. 


There are various types of action query: 

> an update query can update every record in a table that matches some criteria 

» adelete query can delete records which match certain criteria 

> anappend query can append (add) records from one table to another 

» amake table query can create a new table based on records from an existing table. 


Action queries can be useful if you need to create a set of related tables from a raw set 
of data held in a single file. 


Step by step: Importing data and using an action query to manipulate it 13 Steps 


© It is likely that, in the assessment for this unit, you will be given a file of raw data which you need to import 
and split into tables, following the design you create for the database. Look at how this can be done with the 
1NF version of the data that was used in the normalisation example earlier (see The stages of normalisation). 


Here is a reminder of what the data looks like. 


Orderno ProductID Customerno Customer Customer SName Description Price Quantity 
FName 
1 P33 C10 Bert Smith Camera £35 1 
i PO9 c10 Bert Smith Book £8 3 
1 P21 C10 Bert Smith Headphones £22 2 
2 PO9 cs Wendy Jones Book £8 1 
2 P15 cS Wendy Jones Trainers £40 1 
3 P21 C12 Alice Williams Headphones £22 1 
2 P19 C12 Alice Williams Pen £6 2 
w 


You can import various types of file into Access” including text files and Microsoft® Excel* spreadsheet 
files. First, open a database file (or create a new one) into which you want to import the data. Then, from the 
External Data menu, click on the icon for the type of file you want to import, which is Excel in this example. 
First, you will see the dialog box, as shown here. 


Get Ecernal Data - Excel Spreadsheet ? x 


Specify the source of the definition of the objects. 
File mame: C:\Users\slan\Documents\ 


Specify how and where you want to store the dats in the current database. 


1} Import the source data inte a new table in the current database. 


if the specified table does not exist, Access will create it. if the specified table already exists, Access might overwrite its 
contents with the imported data. Changes made to the source data will mot be reflected in the database. 


© Append a copy of the records to the table; Ty272° 


if the specified table exists, Access will add the records to the table. if the table does not exist, Access will create it. 
Changes made to the source data will not be reflected im the database. 


© Link to the data seurce by creating a linked table. 


Access will create a table that will maintain a link to the source data in Excel. Changes made to the source data in Excel will 
be reflected in the linked table. However, the source data cannot be changed frofi within Access. 


Cancel 
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Browse to find the Excel” file you want to import and then click OK. Next you will see a preview of the data 
from the chosen file and you can select which worksheet within the Excel” file it is in, as shown here. 


ES] Import Spreadsheet Wizard “ 


‘Your spreadsheet fie conizins more then one worksheet or range. Which worksheet or rence: would you ike? 


@ Stow Worksheets ERD Ane mae eee 


©) Show Named Ranges des 


z SHane 


uolyeWWOjU! a8eueW 0} swarsAs Sulyea1> 


OM © és 
Sin a bs iy 
is 


ee) 


aed 


deacdphones 
en 


a 


2 


fom 


Ww 


©) The next screen will ask you to confirm that the first row contains the column (field) headings, which it does 
in this example, so just click Next. Then you have the opportunity to adjust the field names and datatypes of 
each field by clicking in the field and adjusting the setting at the top, as shown here. When you are happy with 
the names and datatypes click Next. 


Es] import Spreadsheet Wizard x 


You can spedify information about each of the fields you ane imparting. Select felis ni the area below. You can then modify field 


information in the Tied Optiens' area. 
Field Options 
FedName: SESS S|:SCiData Tyme: (Short Text ¥ 
Indexed: = No ¥] [[0o-notimport field Skip} 


Tamera 
eel 
eadphones 
ook 
rainers 
eadphoenes 


aD 
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[5] Access? will then offer to 

add a primary key field to the 

data. Since this data will be 

split up into different tables, 

there is no need for a primary Cepia ca wees 
. (Choose my own primary key. z 

key at this stage so select the Com 7 

‘no primary key’ option, as — 

shown here. Then click Next. 


EE] mncat Spressisheet Wears! x 


Microsoft Access recommends that you define a primary key for your new table. A primary key is used to 
uniquely klentify each record in your table. It allows you to retrieve data more quickly. 


Prod: 2D feusiener no[tuszoner Fame [Customer Sane Description Price [Quansit 


eadphcnes 


[ 

A 

E 

E 

ia 

E 

la bs 
7] i i i en 
| 

a 

| 

LI 

LY 

a 

U 


© Finally, it will ask you which table to import the data into. As this is just a temporary table it is fine to go with 
the default name that Access® suggests. Click Finish to import the data. Access® asks you if you want to save the 
import steps, but there is no need to do this; just click Close. All the data should now be imported to a single 
table, as shown here. 


Bu &: @-s TABLE TOOLS, arders3: Database- C\Users\Alan\Documentsierders.ac.. 2 - © X 
HOME CREATE EXTERNAL DATA DATABASE TOOLS FIELDS TABLE Alan Jarvis 7 
5 2 OO Got FSERRST 
wap ie 2] ESE XML Fife » Sie sh he Merge 
Saved Excel Access ODBC a ce Excel Text XML PDF Email = 
Imports Database FMorey Exports File File or XPS fv More + 
Import & Link Export “ 
& ie1'| FA sheet! 
All Access Obje... © « | 58 tablet} 23 sheet : —_- : ? : 
{ ProductID + Customern: + Customer Fi+ CustomerS!- Oascripticn - Price > Quantity 
Search & oe = ; eet og 
Tables a = - 
2 POS cs Wendy Jones Book £8 1 
> Sheets a 
2 Pis cS Wendy Jones Trainers £40 x 
2 Taiet 3 PAS ci2 Alice Williams Pen £6 2 
1 P21 c10 Bert Smith Headphones £22 2 
3 P22 C12 Alice Williams Headphones £22 1 
4 P33 cid Bert Smith Camera £35 i 


| Recora: 4 bm 


iat? _ 
Datasheet View 


Now that the data is imported into Access’, we can use action queries to split it into the required tables. It 
is a good idea to start off with a standard select query and make sure that it has selected the correct records 
before you convert it into a make table query. 

Vv 
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[)) To create the Products table, first go to the Create menu and click the Query Design icon, and then add 
the table created from the imported data. For the Products table, the only fields we need are Product ID, 
Description and Price. Drag these into the query grid, as shown here. 


& fH 4- = QUERY TOOLS — orders? s Database- C\Users\Alan\Documents\orders3.accdb (Access 200... FT -— O 
HOME CREATE EXTERNAL DATA DATABASE TOOLS: DESIGN Alan Jarvis + 
oa Son _s oF DUnion fe Ex Insert Rows f=. E:] Property Sheet 
l Gaui tl 7! FS be ae > ™ a 
id * a & Pase-Through otf Table Naimes 
View Run Select Make Append Update Crosstab Delete Show a Totals Parameters 
7 Table Le Data Definition Fable 2B Returns ; 200 
Resutts _Guety Wpe ss Query Setup Show/Hide * 
a SECURITY WARNING Same active content has been disabled. Click for more details. Enable Content x 
|: Asa . o ¢}| 5S Sheett (HH queryt x 
‘All Access Obje... | = operty Sheet x 
| Seertte cat Sheet! i Sele List Properties 
rabies S Gustomerno [=] 
SD amaet | Customer Fam she 
HI Customer SMan 
it ee [| 
it j 
iJ 
| cena = : 
nay} , 
Fietch: | Product ID = 
Table: | Sheet) 
Sort: | 
Shove. i | 0 
Criteria: 
or: 
| Et ——— i) 
wm be 


Ready 


vw 


©) If you run this query, you will see that some products appear multiple times (because they have been 


ordered on different orders). You need to create the product table so that each product only occurs once in the 
query results. To show only unique values, you need to click in the light blue background in the top part of the 


query screen, which will display the query properties in the right side panel. The fourth property in the list is 
called Unique Values and, by default, it is set to No. Change this to Yes, as shown here. 


5° - QUERYTCOLS —orders3: Database- C:\Users\Alan\Documents\orders3.accdb (Access 200., 7 ~ Ol X 
HOME CREATE EXTERNAL DATA DATABASE TOOLS DESIGN Alan Jarvis ~ os 
-| AL FE Dunion & Insert Rows °F insen Columns _ ie] Property sheet 
Fett +! Lf 1 nes ee Th 2 
: * -_ ® Pass-Through tt AT Table Nemes 
View Run Select Make Append Update Crosstab Delete | ty % ; Totals Pararneters 
. Table ES Data Definition _— ES Builder B Return: {Al 7 
Results Query pe m _Query Setup __ Shows/Hide n 
vy SECURITY WARNING isomer active content has been disabled, Click Rs more mica Enable Content x 
Sheet! | 34 queryt x 
x 


All Access Obje... @ «|= 


y Sheet 


cal Sheet Selection type: Quen Properties 
Customer ns Fa | Unique General 
Customer FNar iDecption 
Customer Sham values Defeat ies 
t Desription | 
i a property 
HW Quantity = 
‘ 
7 =, I. 
Frisia: | Product iD | Desealption Price & “| ‘Recordset te 
~ i 4 LODBC Tmeout 


Table |Sneet) [Sheet Sneath 


Unique values arity? 


UO!JEUJOJU] aSBUPLU 0} SLUaIsAs SUIJeadD 
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Now when you run the query you will only get each product displayed once, as shown here. 


BA S- &-: orders3 : Database- C:\Users\Alan\Qocumentstarders3.acedb (Access 2007 - 2013 file format} ~ Access 
HOME CREATE —EXTERNALDATA —_DATABASE TOOLS 
pds cut SL ascending W Selection maNew Totals %oReplace [Cahbri 
' ie 
aa 2 Copy Rl Descending ‘G]Advanced- ="! Bsve YF Spelling > GoTo" 
View Paste Filter resh ind 
= ~ Format Painter Be RemoveSart “FF Toggte Fitter aj» 2X Delete ~ RelMore+ Dy Sefect = 
Viessrs Cliphrara fa Sort & Fitter Records _ ting 
“| SECURITY WARNING Some active content has been disabled. Click for mare details. Enable Content 
All Access Obje... @ « [Ei sues! | wens — 
— --— ~ {Description » Price * 
Search. P 
Tables & po isnt 
| S| an . Pas Trainers £40 
ome jo) Pad Pen £6 
| P2l Heeaphores £22 
p32 Cameta £35. 
Record MW 4 TofS + ¥ Search 
Ww 


This query can now be converted into a make table query and used to create the products table. To do this, 
click the Make Table icon in the Design toolbar. Access” will then ask you the name of the table that you want to 
create. In this case it is Products, as shown here. 


Make Table ? x 


Make New Table 


Table Name: products 


@ Current Database L 
©) Another Database: 


File Name: | 
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Before you can run the query in Make Table mode, you will need to click the Enable Content button below 
the toolbar and save the query. Open the query again and a warning message will appear telling you that the 
query will modify data, as shown here. 
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&@ 
HOME | CREATE  EXTERNALDATA DATABASE TOOLS Alan Jarvis A 
¥, Cut 
ES Copy S Spelling 
fa X Delete ~ 
Views Clipboard C Sort & Filter Racords Find Text Formatting ua 
All Access Obje... © «| 
s Search. a 
\ Tables 
ES Sheet 
| Queries z 
sR askemodutt Microsoft Access x 


You are about to run a make-table query that will modify-data in your table. 


Are you sure you want to run this type of action query? 
For information on how to prevent this message from displaying every time you runan attion query, click Help. 


ww 


Click Yes. Another message will appear telling you that you are about to paste five rows (records) into a 
table. Click Yes again. Then your new Products table will be created. Only run the query once. You will also need 
to go into the Design View for the new Products table and make the Product ID the primary key for the new 
table. The other tables for the database can be created in the same way. 


Wild cards 


Queries can also use so called ‘wild cards’ for their criteria. A wild card is a special 
character which can be substituted for any other character(s). In Access* queries, there 
are several wild card characters as follows. 


> To substitute any number of characters use’: so North* will find North West, North 
London and Northend. 


» To substitute a single character use ‘?’: so B?ll will find Bill, Ball. 


To substitute a single digit use ‘#’: so 1#2 will find 123, 103. 


Reports 
Reports are produced to show the outcomes of queries and can be printed to present 
the data to users. 


139 


140 


Worked example: Dusford Arts Centre & 


As the final part of the process of finding and then booking an available room at 
the arts centre, a printed confirmation sheet needs to be produced to be sent to 
the client as a reminder of their booking. This is done using an Access® report. 
The design for the report is shown here. 


Booking Report 


Booking slot ID = nnnn 

Session 

Slot Date nn/nn/nn 

Room name n 

Client name XXXXXXXKKXXK 

Client Tel XXXXXX 

Client address MXXAXXXAXANKKHKAKKAK 


Client town XXXXXXXX 


Test plans 

Testing that a completed database meets the user requirements and works correctly 

is an important step. To do this you will need to create a test plan which shows each 
individual test that you will carry out and the expected outcome of each test. Your test 
plan should be created at the design stage and then used to test the database once it 
has been developed. 


Correctness of data 


It is important to ensure that all the data input into a database is correct. You must 
ensure that the data validation that has been defined in the data dictionary works 
correctly and that only data that meets the requirements for each table/field is 
accepted, and that data which does not meet the requirements is rejected with a 
suitable error message. 


When creating the test data to be included in the test plan for each table, there are 


three main types of test data to be created: 


> 


Normal - This is data which can be considered the ordinary/typical (normal) type of 
data you would expect to be input to the field and that should be accepted. 


Erroneous - This is data that is incorrect for this field (e.g. a text value in a number 
field) and should be rejected with a suitable error message. 


Extreme - This is data which is at the limit of what should be accepted. This might 
be in terms of the maximum and minimum acceptable values in a numeric field, or 
a value with the maximum number of characters for a text field. Extreme values (for 
test data) should include those on the limit of what is acceptable (and so should be 
accepted} and just over the limit (and so should be rejected). 


For example, here is the data dictionary for the Rescue dogs table. 


Creating systems to manage information 


Learning aim B UNIT 2 


> Table 2.22: Data dictionary for the Rescue dogs table 


Field name Key? Datatype Validation 
Dag ID | Primary ‘Integer Automatically created by Access 
Dog_name Text, 15 characters - 
' Breed Text, 15 characters 
Colour Text, 15 characters 
Sex i Text, 1 character M or F only 
Year_of_birth Integer Must be less than current year and no more 


than 20 years in the past 


Approx_size Text, 6 characters Small, medium or large only 
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Here is an example of suitable test data for each of the fields which have validation 
applied (assuming that the current year is 2016). 


> Table 2.23: Suitable test data for each of the fields of the Rescue dogs table 


Field Testdatatype  Dataitem Expected outcome Actual outcome Action 
(completed when the required? 
database is tested) 

Sex Normal iM | Accepted 

Sex Normal Te ‘Accepted 

Sex . Erroneous x Rejected 

Year_of_birth Normal 2010 Accepted i 

Year_of_birth Erroneous Text Rejected 

Year_of_birth Extreme 2016 | Accepted 

| Year_of_birth Extreme 2017 a) Rejected 

Year_of_birth Extreme 1996 | Accepted 

Year_of_birth | Extreme 1995 | Rejected 

Approx_size , Normal Smail Accepted 

Approx_size Normal Medium Accepted 

Approx size Normal | _Large Accepted 
| Approx size | Erroneous | Big Rejected 


This gives examples of the different types of test data that could be used. However, 
where a field has a limited number of acceptable entries (such as the Sex and Approx_ 
size fields) the best method of ensuring that only valid data is entered is by using the 
Lookup wizard, as described earlier. 


Functionality For more on using the 
The user interface needs to be tested to ensure that all of its features, including forms Lookup wizard see Lookup 
and reports, work correctly. This is called testing the user interface’s functionality. tables. 


Testing the functionality of a user interface is rather more complex than testing the 
data. You need to create a series of scenarios which mimic the way that users will use 
the completed database system. (You need to include, in these scenarios, data which is 
normal, extreme and erroneous, where appropriate.) 


Consider the database design created earlier for the process of searching for available 
booking slots and then making a booking in the Worked example: Dissford Arts 
Centre. Booking scenarios for this process would need to have some existing data in 
the database, including clients and available and booked booking slots. 
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When booking a room, the data that is entered into the database system is the date 
range of available slots to search for (start and end dates) and the client ID. So test data 
which is normal (for example, a client ID who does exist) and erroneous (for example, a 
client ID who does not exist) needs to be created. 


An example of the test data that could be used is shown below. Note that the date 
ranges will depend upon the example data which has been loaded into the database. 


> Table 2.24: Test data for Worked example: Dissford Arts Centre booking database 


Field Test data type Data item Expected outcome Actual outcome Action 
required? 
(completed when the = 
database is tested) 
Date range Normal 1/11/15 to Accepted, produces list 
10/11/15 of free slots 
Date range Erroneous 20/12/15 to text — Error message 
Date range Erroneous Date inthe past —_ Error message 
to date in the 
past 
Client ID Normal 2 (valid client ID) Accepted, client ID 
saved in the booking 
slot table for the date 
selected 
Client ID Erroneous 999 (invalid client Rejected with error 
ID) message 


Usability and accessibility 
The user interface can also be tested for usability and accessibility. 


> Usability - Usability testing is rather more subjective than functionality testing and 
tests need to be conducted by real users who then give their opinion about how 
easy the interface is to use and any suggestion for improvements. This cannot really 
be done at the design stage. Usability tests need to be conducted using either a 
prototype of the user interface ar the completed version. 


» Accessibility - The accessibility of the user interface needs to be tested against 
existing guidelines for making computer interfaces accessible, such as the Royal 
National Institute of Blind People (RNIB) guidelines for web accessibility. These 
guidelines will give consideration to things such as font size and colour and the use 
of white space. 


The RNIB guidelines for web accessibility can be found at http:/Avww.rnib.org. 


i) PAUSE POINT How much testing is enough? Do you think it would be ok to just check that the 
basic things work and then give the database to the users for them to find any faults 
for you to fix? 


What might the consequences of this approach be? 


Testing is a big subject with many different aspects to it. Research different types of 
testing and consider how they might be applied to a database system. 
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'@—1 Creating a relational database structure 


Once the design of a database is complete, you can start work on developing the 
relational database solution. 


Producing a database solution 


In this section, you will learn about selecting and configuring appropriate RDBMS and 
SQL tools to produce a database solution to meet the client's requirements. 


UONBWUOJU! aseueW O} sLIAySAS BUNNBaID 


Creating data tables, relationships and validation rules 

Using the data dictionary developed during the design stage, the database tables 
can now be created. This can either be done by defining the fields, datatypes and 
validation rules in the Access table Design View or, if the tables will use imported 
data, this can either be done at the import stage or using action queries to split up a 
single imported file. Once the tables have all been created, you can then create the 
relationships between them. 


Creating data tables 


Details of how to create tables in Access” is covered in the Step by step: Creating 
tables. 


Creating links and relationships between data tables 


Details of how to create relationships in Access” is covered in the Step by step: 
Creating relationships in Access’. 


Applying data validation rules 


Details of how to create lookup tables and validations rules is in the Step by step: 
Lookup tables and validation rules. 


Worked example: Digford Arty Centre 3 


Tables can be created for this booking database using the data dictionary and ERD created earlier. The Design View 
of the Client table is shown in Figure 2.12 on the following page. 

An AutoNumber datatype is used for the Client_ID so that each client will have a unique number automatically 
created by Access’. 

(Note also that the Client_tel is a text field, as a telephone number is not a number in the mathematical sense (e.g. 
you never need to add phone numbers together!) and using a numeric data type will prevent you from adding 
leading zeros, which most phone numbers require.) 

Remember that when you use a foreign key in another table, such as the Client_ID in the Booking_Slots table, 

you must use a datatype that matches the primary key in the linked table. In this example, as the Client_ID is an 
AutoNumber field, so you must use the data type of Number, long integer. 

Once the tables are created, you can create the relationships between them using the Relationships window, as 
described earlier. The relations set up between the tables for the arts centre booking system are shown in Figure 2.13 
on the following page. 


143 


A - wre TABLE TOOLS = ArtsCenterTest: Databace- C:\Users\Alan\Documents\ArtsCentevTest-accdb (Access. 7- oOo x 


PEI ove create EXTERNALDATA—DATABASETOOLS DESIGN Alan Jarvis ~ [ 
BY’ \g@inm Ely = A = B 
bite “ 2% Delete Rows | i ai EL a “oo 
View Primary Builder Test Validation Property)Indexes (CreateData Rename/ Relationships Object 
- petty) i 
- Key Rules Modify Lookups Sheet Macros Delete Macro Dependencies 
Views Tools Show/Hide Field, Record & Table Events Relationships « 
i i) & Relationships | 24] Client: x 
All Access Obje... © « [=# f#stonsins aes a —= Property Sheet a 
Field Name Datatype Description (Optional) - p' = y = 
Search, Pig Client 1D ‘AutoNumber pecan Selection type: Table Properties 
' Tabs ® | \client_name ShortText General 
+ GA Booking stots |Client_iel Short Text R 
Z)) Coenti 'Chient_address . 
SH ticm: pil Client_town im 
{ Quenes & 
EF Fina si Field Propeities i 
|| Forms a 
|i ES) Booka stot alana ol) 
| 
| FS) Find stot 
GS pate s Booking 
The data type determines the kind of valves 


that usess can store in the field, Press F1 for 
help on data types, 


Design view. 


F6 = Switch panes, Fl = Help. 


SH * ° s RELATIONSHIP TOOLS — ArtsCenterFest: Database- C:\Usets\Alan\Docu... ?7- Oo * 
HOME CREATE = EXTERNALDATA = DATABASE TOOLS DESIGN Alan Jarvis ‘if 
* oO ‘om [E:Database Documenter i= oy 
uy fi imal ie << Su? ET 
155 Analyze Performance a 
Compactand Visual ‘Run Relationships Object Access SharePoint Add- 
Repair Database Basic Macro Dependencies ptt Analyze Table Database ins~ 
Tools Macro __Relatianships Analyze Hove Data Add-Ins a 
=& Relationshil Find_stot | i x 
| all Access Obje... © « |= matonstins (at Find tot Let Query —— = 
| Search. Pp mee | i 
| a || Clients Rone 
| | |W Ghent 90 1/F Room_ 0 
[= | Client name Rnaminsthe 
Client tet SS | = 
iH Client addres: Booking Slots Sepoey, 
% Client town ¥ Booking slot_ID 
| Stat Date 
ie ae — | Session —— 
| % Gient_ 1D 
FB Booka Slot | Room ID 


FS} Find stot L SSS 


FA) Makes Sooking 


> Figure 2.13: The relationships for the arts centre database system 


At this stage, you should enter a small amount of test data into the tables, just to 
ensure that they work as expected and to provide something for you to test queries 
and forms and to report with. It is unwise to enter large amounts of data until you 
are sure that the database works as expected. If the data has already been provided 
for the table, now is the time to import it and, if necessary, divide it up into the 
required tables using action queries, as described earlier. 
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Worked example: Diffford Arty Centre $ 


An important concept in a booking database of any type (for hotel rooms or airline tickets, for example) is that of 
available booking slots. With the Online orders database, when no orders are placed, then there are no records 
on the Order table, but with the bookings database the concept is a bit different and you need to populate the 
Booking_Slots table with unbooked slots to allow users to search for and book available slots. 


Typically, this would be done for three- or possibly six-month periods in advance, and in a real database system they 
would probably be generated automatically. An easy way to create booking slots for the arts centre system is to use a 
spreadsheet as it is easier to copy and paste data in a spreadsheet and the autofill feature will create dates for you. 


You will need to create an afternoon and evening session booking slot for every room on every date. This creates 
quite a lot of records (8 per day), as shown in Figure 2.14, 
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H ©- @-¢ ArtCentreSlats.alsx - Excel 7m -o x 
| rue | HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Alan Jarvis > 
Ty x Calibr Date | ff Conditional Formattingy +P Inset ~ > ~ Sy, 
Beas Ea ~ ey +» £9 Format as Table* &* Delete ’ > &- 
¥ er EF Cell Styles + Formaty & ~ 
& Number & Styles Celis Editing cad 


Ss 
ea 


Clipboard 
‘ap ° Se 99/11/2015 ¥ 


A B Cc B E EF 
1 Slot_Date Session Room_ID 
| 2 99/11/2015 Afternoon 
09/11/2015 Afternoon 
4 09/11/2015 Aftemoon_ 
09/11/2015 Afternoon 
09/11/2015 Evening 
7 09/11/2015 Evening 
8] 09/11/2015, Evening 
Ss 09/11/2015 Evening _ 
70 10/11/2015 Aftemoon 


ao 
x 
a 
f 
4 
, 


2 _ 10/11/2015 Afternoon 
13 _ 10/11/2015 Aftemoon 
14) 10/13/2015 Evening 
15 40/11/2015 Evening 

| 16 ___20/22/2015 Evening _ 


(17 10/11/2015 Evening 
__ 14/14/2015 Afternoon 
_ 1/11/2015, Afternoon | 
20) 11/11/2015 Afternoon i 
21 1/11/2015 Afternoon 
22 11/12/2015 Evening _ 
2 12/11/2015 Fvenine 

| Sheett | Sheet2 


1 
| 
| 
a cae ee ee a eile 


@~ ear 
* 
a) 


Figure 2.14: Spreadsheet data for the Booking Slots table. Once you have created the data in Excel®, you can import 
it into the Booking_Slots table in Access”. 


Generating outputs 


The next step in developing the database is to create queries. In many cases, forms and 
reports rely on queries to provide their data, so you can start developing the queries 
before the forms and reports. However in some cases, such as where a query takes its 
criteria from a form, you may need to develop them together. 
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User generated queries 


Database users can, of course, generate their own queries to answer ad hoc questions 
about the data, but many queries will run automatically in the background, triggered 
by the forms and reports that use their data. 


Worked example: Difsford Arty Centre 9 


You have already created a design for a query that will find available booking slots. Now you can start to implement 


that design. First, you will create the basic query to find available slots, later you will integrate it with two forms to 
provide a facility to find and then book an available slot. 


The data shown in the table in Worked example: Dissford Arts Centre 2 has been added to the tables that provide 
both booked and available slots, to allow us to test the query. Figure 2.15 shows the query design for this. 
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Forms R 
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Criteria: 
on 


~~" Between [Start date] And [End date] 2. 


> Figure 2.15: Query design 


The criteria added for the Slot_Date field will display a dialog box asking for the start date, then another asking for 
the end date of the search range. Slots will appear in ascending order {earliest first). With the criteria for the client_ID 
set to zero, only those booking slots with no client ID (i.e. available slots which are not booked) will appear. Because 
the ‘Show’ option is not selected, this will not appear in the query results. Figure 2.16 shows the typical output fram 
this query with a date range set to between 9/11/15 and 10/11/15. 
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> Figure 2.16: Typical query output with a date range set to between 9/11/15 and 10/11/15 
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The query that you have just created will not be directly visible to the user. Instead, it will work while being 
automatically hidden behind the form that the user will see. The next step is therefore to create that form. 


Worked example: Diffford Arty Centre to 


Creating a form that will list all the available slots that the query has found is quite straightforward if we use the Form 
Wizard icon (found in the Create toolbar). Start from the Design View of the query that you have just developed; the 
form will automatically be based on it. Select all the fields from the query, as shown in Figure 2.17. 


Form Wizard 


Trbles/Queries 
Query: Find_slot 
Aveilable Fields: 


Which fields de you want on your form? 


Yeu can choose from more thar one table or query. 


Selected Fields: 


> Figure 2.17: Selecting the fields for the form 
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Then click Next and choose a Tabular layout so that it displays many records on a single form. Click Next. Choose a 
title for the form such as ‘Available Slots’ and then click Finish. Because the form is based on the query, it will now run 
the query and ask for start and end dates. Enter these and you should see the data from the query displayed in the 
newly created form, as shown in Figure 2.18. 
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Form View 
> Figure 2.18: The completed form 


Now the first stage in the process is complete. The user can enter dates and see a list of available booking slots. The 
next stage is to allow the user to select a particular booking slot and make a booking for that slot. 
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Worked examole: Dipfford Arts Centre 11 


First, a simple query is required to select the record in the Booking_Slot table that has been chosen (i.e. the one the 
client wants to book). This query is very similar to the Find_slot query just created (in Worked example: Dissford Arts 
Centre 10) but it needs to pick up the Booking_slot_ID that the user has selected from the farm that has just been 
created. The criterion required to pick out that record is shown in the query design for the new query, in Figure 2.19. 
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> Figure 2.19: Criterion for the Booking slot_ID 


This query is now saved. In this example, it has been give the name Book_slot. 


You now can create a form which will display the data from the Book_slot query. Open the query in Design View and 
then, from the Create menu, choose the Query Wizard. Make sure it is using the Book_slot query and select all the 


fields (see Figure 2.20). Click Next. 


Form Wizard 


Which fields de you want on your form? 


You can choose from more than one table or query. 


Tables/Queries 
Query: Book_slot oo Iv] 
Ayvallable Fields: Selected Fields; 


Booking_slot_ID 


> Figure 2.20: Selecting the fields 
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This time, use a Columnar layout (as only one record will be displayed in the forms - the one the user has chosen to 
book) and give the form a title such as Make_Booking. 


If you complete the Form Wizard and the new form attempts to open, you will get an error message because the 
query that provides the data for the form is looking for a value for the Booking_slot_ID from the Available Slots form. 
The new Make_Booking form does not work on its own - it only works in conjunction with the Available Slots form. 


Therefore, you need to modify the Available Slots form to link the two forms together. Click Cancel on the error 
message and close the form. 


Now return to the Available Slots form and open it in Design View, as shown in Figure 2.21. You are going to add a 
command button which will open the Make_Booking form. 
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> Figure 2.21: The Available Slots form in Design View 


Make sure that you have Design View selected in the menu bar, and, in the Controls section of the toolbar, you need 
to click on the Button control and then drag out a button on the form design to the right of the Room_name field. 
This will open the Command Button Wizard, as shown in Figure 2.22. 
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From the Categories section choose Form Operations, and then, in the Actions section, choose Open Form. Click 
Next. Now choose the Make_Booking form as the form to be opened, click Next and in the next step leave the 
option set to ‘Open the form and show all the records’. Click Next again. In the next step (see Figure 2.23), set the text 
for the button to ‘Book’ and then click Next. 


Command Button Wizard 
Do you want text or a picture on the button? 


Tf you choose Text, you can type the text tn display. IF you 
jbo choose Picture, you can dick Browse to find a picture to display. 


@let Bool 
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> Figure 2.23; Setting the text to appear on the button 


This will take you to the final step of the wizard where you can just click Finish. The form should now contain a 
button labelled ‘Book’ as shown in Figure 2.24. 
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» Figure 2.24: Form design with a button added 


Save and close the form. 


Now it is time to test the whole process of searching for an available booking slot, selecting the one to book and 
booking it. Open the Available Slots form and enter a valid date range. The form should open, showing all the 
available booking slots, with a ‘Book’ button next to each one (see Figure 2.25). 
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> Figure 2.25: Slots available for booking 
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Select one slot and click the Book button. The Make_Booking form should now appear with the booking slot you 
chose in the previous form shown (see Figure 2.26). 
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> Figure 2.26: The Make_Booking form 
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The Make_Booking form in Worked example: Dissford Arts Centre 11 works because it 
displays only the Booking_Slots record that the user clicks in the Available Slots form 
and a booking can be made by entering a Client_ID value in that field on the form. 


However it is not fit for purpose for a number of reasons. 


> The user can type in all the fields of the form and change their values. The room 
ID and name, date, session and the Booking slot_ID must not be changed as they 
are related to this particular booking and changing them might create duplicate 
booking slots. The only field the user should be able to change is the Client_ID. This 
must be changed to allocate the booking slot to a client. 

» As stated above, the booking is made by changing the Client_ID from zero to a valid 
Client_ID. But how does the user know what Client_ID relates to a particular client? 
They can type any number in the Client_ID field, including invalid ones. 


To resolve these issues, you need to lock all the fields on the form so that the user 
cannot type in them, only view them, and provide a drop-down list of valid client IDs 
that the user can select from. 


Worked examole: Dissford Arts Centre 12. 
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To select the Client_ID, we will provide the user with a drop-down list of valid Client_IDs and names from which they 


can select the correct one. This will prevent any invalid data from being entered. 


(Note that it does require that the client exists on the database before a booking can be made for that client) 


View the Make_Booking form in Design View, Select the Client_ID field and label and delete them (right click on 
them and choose Delete). Now drop down the list of controls under the Design menu and choose the Combo Box 


control (see Figure 2.27). 
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> Figure 2.27: The Combo Box control 
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Then drag out a combo box in the space left by the Client_ID field. The Combo Box Wizard will then start. In the first 
step of the wizard, leave the option ‘I want the Combo Box to get the values from another table or query’ selected 
and click Next. Then choose the table called Clients as the source of values for the combo box, and click Next. Select 
the Client_ID and the Client_name as the fields to be displayed (see Figure 2.28). 
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Deets) Dee 
> Figure 2.28: Fields to be displayed in the Combo Box 


Click Next to take you to the step where you can choose a sort order. This is not really needed here, so just click 
Next. Then uncheck the box which hides the key column because you need to use this field (see Figure 2.29). 


Combe Box Wizard 
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> Figure 2.29: Fields to be displayed 
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You will now be asked which field you want to store in the database. Make sure that Client_ID is selected and click 
Next. This field needs to be stored in the Client_ID field in the Booking Slots table, so select this, as shown in 


Figure 2.30. 

Combo Box Wizard 
Microsoft Access can store the selected walue from your combo box 
in your database, ar remember the value se you can use itlater to 
perform 2 task. When you select a value in your combo box, what 
do you want Microsoft Access to do? 
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> Figure 2.30: Storing the Client_ID 


Click Next. Give the Combo Box a suitable title, such as Client ID, and click Finish. The form should now lock like 
Figure 2.31. 
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> Figure 2.31: Form with Combo Box added 


155 


Finally, we need to lock all the other fields to prevent the user changing them. Click on each of the fields in turn 
(except the Combo Box you just created) and, on the right-hand side of the display in the Property Sheet, select the 
Data tab and set the Enabled property to ‘No’ and the Locked property to ‘Yes’, as shown in Figure 2.32. 
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Prevent changes to data in contro! in Form view? 


> Figure 2.32: Setting the Enabled and Locked properties 


One final change needs to be made to the form. The user needs an easy way, once they have selected the correct 
client, to be able to save the change that they have made. Therefore we will add a Save command button to provide 
this. Use the Command Button Wizard, as before, to add a button at the bottom of the form. Choose the Category 
‘Record Operations’ and Action ‘Save Record’, Add some text such as ‘Save Booking’ to the button. 


Save the form and return to Form View to see the finished form. It should look something like Figure 2.33. 
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> Figure 2.33: The completed form 


Creating systems to manage information 


Learning aim C UNIT 2 


Reports 
Creating printed reports in Access” is quite easy to do because there is a step-by-step 
wizard provided to create report layouts. Reports can be based on either tables or queries. 


Worked example: Dipfford Arts Centre 13 


This example creates a report in the form of a booking receipt for the Dissford Arts Centre. The first task is to create 
a simple query that will provide the data for the report. This needs to select a specific booking slot and then bring 
together the data about the client who made that booking. First, create a query in Design View, as shown in Figure 2.34. 


UOITEWOJU! aseUPLU 0} StUa}SAS SUNPAID 


—— — 
WW S- @s QUERY TOOLS = AuisCenterlest : Database- C:\Users\Alan\Documents\ArisCenterTestaccdb (Access 2007-2013 filefom. 7 —- A xX 
BI) «HOME © CREATE © EXTERNALDATA ~—DATABASETOOLS DESIGN Alan denis ~ FA 
Jj i= a mi ; = paket) tal 
a I ae 4 +1 vl @® Union E = eas * Insert Catumns x {| Property Sheet 
= ° @ Pass-Through 3X Delete Rows | 5 Delete Columns StS Table Names 

View Run Select Make Append Update Crosstab Delete |. Show ; Totals Parameters 

E Table BE Data Definition —Tapje SN Builder Bil Return: |All “| 

Resutls Query Wee — ee  QuerySetup Show/Hide n 
5 ia & «|| Se Klients {EES Booking siots | 739 Queryt ~ ey 7 
All Access Obje... ~ = Property Sheet * 
a] Bocking Stots | Clients [Ti Selection type: Preis Properties 
a - | 
F Booking, stot Io % GientiD 
Slot_Date | Glent_name 
Session Chant tel 
. Gient > ‘Ghent address 

e-gae = Room_|D Gient town: 

GE) Book sist = — 

el Fins_stot ——————— 

Forms s iS 

EE) avaitapie sicts 

Booka Slot 

EB ring stot ie Boaking Sine 5 e ic 

5 , | 3 : 

EB Make_sooking ge { : i 


| Criteria: | ‘Ente @ooking Sixt idt 
or 


> Figure 2.34: The Query Design 


Report Wizard 


Note that this query is a parameter 
query, which will ask the user for the 
booking ID. 


| Which fields do you wanton your report? 


, Ye choose from thi tal ft 
You can check that this query works, a ee 


save it (in this example it has been 


called Booking_report) and then laa = 
move on to create the report based Query: Booking_report iv 
on it. To do this, go to the Create Available Fields: Selected Fields: 


menu and select the Report Wizard 
icon. Make sure that you have the 
Booking_report query selected and 
then choose ail the fields in the query, 
as shown in Figure 2.35. 
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> Figure 2.35: Selecting the fields for the report 
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Click Next and then leave the question about how you want to view your data set to ‘by Booking slots’. Click Next 
again. You do not need to add any groups or levels so leave this option set as it is and click Next. You also do not 
need to sort the records in any order, so just click Next. On the next step of the wizard, choose Columnar layout, as 
shown in Figure 2.36. 
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[4] Adjust the field width so all fields fit on 
3 page. 


> Figure 2.36: Selecting a layout for your report 


Click Next again and leave the title as suggested. Then click Finish. Because the report is based on the parameter 
query we created earlier, you will be asked for a Booking slot ID. Enter an ID number that has been booked and you 
should see the completed report, as shown in Figure 2.37. 
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> Figure 2.37: The completed report 
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The Report Wizard does not always set out your report in the neatest way. You 


can edit your report in the Report Design View and move the fields around to 
improve the layout. 


User interface 
The user interface will primarily consist of forms, and we have already looked at some 
examples of how to create forms and link them to tables and queries. 


Two useful additional features that you can add to forms are navigation buttons and 
subforms. 
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Navigation 

Navigation buttons simply provide easy-to-use buttons to navigate through the 
records of the table or query that a form is based on. You can add these in the Design 
View of a form. 


Worked example: Diffford Arty Centre th 


Suppose you created a form for the Clients table of the Dissford Arts Centre database example using the wizard, as 
previously described. To add navigation buttons, choose the Design View for the form. Drag the form footer down a 
little to create some space and then, in the toolbar, click the Button icon in the Controls group and drag out a button 
into the space you just created. This will open the Command Button Wizard, as shown in Figure 2.38. 
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> Figure 2.38: Using the Command Button Wizard 
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Leave the Categories list set to Record Navigation and in the Actions list choose Go to Next Record. Then click Next. 
Then you can choose the text or picture you want to appear on the button. Make your choice and click Finish. The 
Command Button will now appear on the form and, if you return to Form View, you can see and use the button you 
added, as shown in Figure 2.39. 
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> Figure 2.39: The complete navigation button 


You can, of course, add more record navigation buttons, for example to go to the previous record. 


There are various other buttons that you can add to forms with the Command 


Button Wizard, including ones that the close the form. 
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Subforms 
Subforms are useful because they allow you to display related records from another 
table within the same form. 


Worked example: Difsford Arty Centre 15 


Using the client form to which you have just added the navigation button, you can also add a subform which will 
display the bookings that each client has made. Open the form in Design View again, and drag the footer bar down 
further to create more space under the button that you just added. Click the expand button on the right side of the 
Controls icon and then choose the Subform/Subreport icon (see Figure 2.40). 


EB EL 9 - @> = ArtsCenterTest: Ostabase- CAUsers\Alan\Docu.. FORM DESIGN TOOLS 7-8 * 


UO!EWJOJU! aseUeW O} sLUaysAS BUIeAI> 


HOME CREATE ERNALDATA DATABASETOOLS «DESIGN ARRANGE = FORMAT Alan Jarvis 2) 
c i = & : 8 cy , 
| A Colors~ i B Logo = = 
[Aa] Beco (il Poe BB Ee 
View Themes [i] fonts = {inset = __ Add Existing Property Tab 7" 
. : ‘mage- "DateandTime Fields Sheet Order “Ty 


‘Views Themes Headers Footer Tools - “a 


Property Sheet * 


Selection type: Commanyt 
Butt 


J] fgg Set Control Defauites 
Ss 


: : AEs Sr oe Bie 
a AN) Use Contrat Wizards A 
2) Booking. Slots . 
= ® ActiveX Controls 
a Chents eS 
Tey Lh a a ee ' 


BS i 
Br j 
mets 1 o# Detail 


Command ye} 


Forme Data Event Other All 


Queries 2 
EP Book slot 
(5 Booking report 
(Find siot : + ‘ 
| Client_tel 
Forms a - : | x 
Fl available stot: ; Sheth cttent_address 
wn 


client_town 


= Client 1D 


Client_name 


Book a Slot (cent 


aoe 


Cllents 
Find_stot 
Make_Booking 
feports 

§R booking stots 


rd 


$ Furn Footer 


> Figure 2.40: The Subform/Subreport icon 


Drag out a large box under the Next Record SubForm Wizard 
button that you have created and the Wid EE wad pie Wins SNS ere wt ri 
SubForm Wizard will start. In the first step, 
leave the ‘Use existing Table or Queries’ hl ogi Cotesia front marek oe sclie cndfer dbery. 
button selected and click Next. Then select Tables (Queries 
the Booking Slots table and choose all the Table: Booking Slots TI 
7 : hd sat | 
fields (see Figure 2.41). 
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> Figure 2.41: Choosing the table and fields —— 
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In the next step, Access*® should have identified the link between the two tables (as they are related) (see Figure 2.42). 
SubForm Wizard 


0 


Show Baoking_! Slots for each record in Clients using Client_ID | 


ee = 


> Figure 2.42: The link fields between the two tables 


Click Finish. You should now see the subform box in your Design View (see Figure 2.43). You might need to drag the 
form footer down further to make room for the subform. Because the subform will be displayed in Datasheet View, it 
is best to make the box for it wider rather than longer. 
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> Figure 2.43: The subform box in Design View 


162 Creating systems to manage information 


Learning aim C UNIT 2 


Now change back to Form View and you should see the related booking displayed in the subform for whichever 
client you are viewing in the main form (see Figure 2.44). 
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> Figure 2.44: The main and subforms in Form View 


Populating the database 


You will need to enter or import some test data, as shown in the worked examples, in 
order to check the functionality of the queries, reports and forms you create. You may 
also need to import data, as described in the Step by step: Importing data and using an 


action query to manipulate it. The formatting and layout of 


main and subforms is quite 
complex and requires some 
practice. 


See the Step by step: Importing data and using an action query to manipulate it. 


Applying security levels 

You can apply security measures to your database to control access to the data. There 
are two main ways to make your database secure: password protection and user 
access levels. 


Passwords 
You can keep an Access” database secure by password protecting it. 
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Step by step: Password protecting an Access® database 13 Steps| 


©) Before you can protect a database with a password you must first open it in exclusive made. To do this, go to 
the File menu, then choose Open (do not use the Recent Files option). Select the location of your database (e.g. 
the Documents folder) and, when the Open dialog box opens, click the down arrow on the Open button and 
choose Open Exclusive, as shown here. 
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1. 


Once the database has opened, choose the File menu again, and click the Encrypt with Password button, as 
shown here. 


AstsCenterTest: Database- C:\Users\Alan\Dacuments\artsCenterTest.acedb {Access 2007 - 2013 file format) - Access 7-0 
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You will then be asked to enter and verify a password for the database. The database is now password 
protected and encrypted. DO NOT lose the password otherwise the database will be inaccessible. 
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User access levels 


Access* database up to version 2003 allowed user-level access control. It was removed 
from later versions of Access (2007 and 2010, for example) as it was considered too 


complex. 


You can still apply user-level access control using more recent versions of Microsoft? 
Access°, but only if you first save the database as an Access 2002-2003 version (a .mdb file). 


Step by step: Applying user access levels 


Ey To save your database as an Access 2002-2003 version (a.mdb file), so that you can apply user access level, go to 
the File menu, choose Save As and then select the Database file type to be Access 2002-2003 Database (.mdb). 


wW 
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For more on database 


security, please go to 
www.databases.about.com 
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Once you have done this, you will need to add the User-Level Security Wizard to the Ribbon. Go to the File 
menu, then choose Options (bottom of the list on the left). Once the Access Options dialog box appears, choose 
Customize Ribbon from the menu on the left. Click Database Tools on the right and click the New Group 


button, as shown here, 
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Then, from the drop-down box entitled Choose commands from (top centre left of the dialog) choase All 
commands. From the list underneath, scroll down and find User-Level Security Wizard (the list is alphabetical). 
Now click the Add button in the centre of the dialog to add the command into the new group that you 
previously created. Then click OK. You should now see the User-Level Security Wizard in the Ribbon under the 


Database Tools menu. 
w 


EY The User-Level Security Wizard takes you, step by step, through allowing you to control which users and 
groups of users have access to all the different database objects (such as tables, queries, forms) and what kind of 


access they have (such as read or modify). 
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Oo PAUSE POINT 


Testing and refining the database solution 


Once the main work of implementing the relational database solution has been 
completed, work can start on testing the database. It is important to test and refine 
a database, as you need to ensure that the end result matches the design and that it 
fulfils the user requirements. 


Recording appropriate test documentation 


The functionality of the database will be tested using the test plans created during the 
design phase. 


Example test plans are shown in the section Test plans. 


Each test is carried out and the actual outcome of the test recorded next to the 
expected outcome in the test plan. In instances where the expected and actual 
outcomes differ, further investigation (including correction of any errors) is required 
and should be documented in the test plan. 


Different types of testing 


Functionality testing should cover the main features of the user interface and the 
underlying database structure, including referential integrity issues. Testing of the 
usability, accessibility and security of the database should also be completed. 


This testing will require the use of appropriate test data. 


For more on the selection and use of appropriate test data see the section 
Correctness of data in the Test plans section. 


Using testing outcomes to improve and refine the database 
solution 


The database functionality testing should help to ensure that the database system is 
free from errors and works as expected. Any errors should be resolved and re-tested 
to ensure that they have been fully resolved. Usability and accessibility testing can be 
used to refine the database and improve its ease of use, within the constraints of time 
and the client's budget. 


The Access® database software has so many features that it can be difficult to 
remember how to use them all or to find the correct feature to do what you need. 
Were there things you wanted to do with the database but could not find or features 
that you did not know how to use? 


There are lots of resources available online to learn more. See Further reading and 
resources. 
Think of additional features that would be needed to make the Dissford Arts Centre 


database system fully functioninal. Try to implement some of them to develop your 
skills at using Access®. 
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Assessment practice 2.1 A01 A02 = ADB 


A local charity runs a dogs’ home where they look after abandoned dogs and Plan 
try to find them a new home. They have asked you to create a database of the © What is the task? 


dogs they have in the home which will allow them to search for a dog which © What are the success criteria for 
meets the requirements of people looking to re-home one of their dogs. The this task? 
facilities they need are as follows. sare hee iy areas Marine line 


© Each dog's ID number, Name, Breed, Colour, Sex, Year_of_birth, Approx_ 
size (can be large, medium or small), Weight (in kg), Date of last vaccination a 
and Comments (text field for a short description of the dog’s history and 
temperament). D 

® The charity requires there to be a form on which to enter each dog's details. . 

° They require a query to allow them to search for dogs meeting a client's 
requirements. They should be able to input the Colour, Sex and Approx_ 
size and see a list of matching dogs. The results of the query should be 
presented in a report. 

¢ They also need to record details of the families with which dogs have been 
re-homed. They need to have the details of the family (name, address, 
telephone number etc.) and the dog that has been re-homed with them. 

© They require a form-based user interface to allow them to link a dog with 
the family that has re-homed the dog. 


struggle with in this task? 
What resources am I going to 
need? 


¢ |have planned my time 
appropriately to do my research 
and complete the task. 

* | can identify when | have gone 
wrong and make amendments to 
improve the outcome. 

© | can set milestones and evaluate 
my progress and success at those 
intervals, 

¢ | can provide a glossary of 
common technical terms. 

Review 

* | can assess what went well and 
what | need to do to improve. 

© | can explain why | went wrong 
or struggled in some areas more 
than others. 

® | can identify what | have 
achieved by undertaking this task. 

e [know what | need to learn next. 
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You need to: 

© produce a design for these requirements including: 
e an ERD showing the relationships between entities 

documentation describing the normalisation process for this data 

a data dictionary for the required tables 

user interface designs 

designs for the queries and reports 

test plans to test your solution. 

* implement your design and using the test plans created at the design stage, 
test the system works as expected. 

¢ resolve any issues and optimise your solution as a result of your testing of 
the database to improve the functionality and usability of the system. 


Evaluating a database development project 


Evaluation is an important part of any project because, by evaluating how the project 
went, you can learn from your experiences and do better next time. You will evaluate 
the database design, the database created, the testing processes used and the overall 
success of the relational database solution. 


One method that can really help you to evaluate the process of designing and 
creating a database is to keep notes as you go through the process. Note down 
things that you had problems with and how you resolved them, and also tasks 
that were completed with no problems. Then, when you come to the end of the 
process of designing, developing and testing the database, you can refer back to 
these notes as a reminder of how things went and the issues you had to deal with. 
This will make writing an evaluation much more straightforward. 
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Database design evaluation 


The design of a database, as with any software 
development project, is a critical part of the process. No 
matter how good the creation and implementation of the 
database system is, if the design is flawed, then the end 
result is unlikely to meet the requirements. 


Hopefully, the majority of design errors will be spotted 
during the implementation stage and the design will be 
corrected. Errors which only become evident once the 
system is implemented are often much harder to resolve. 
This is especially the case where large volumes of data are 
involved, as changes to tables or relationships will take a 
long time to complete if there is a lot of data already in the 
tables. 


There are a number of things you might consider when 
evaluating the design of a database against the given 
requirements while completing or after completion of the 
development process. 


» Use and application of an ERD - How easy was it 
to understand the conceptual stage of the database 
design? Was it clear which tables would be needed and 
how they were to be related? Were you able to draw 
up the conceptual ERD easily? Was it clear what type of 
relationship existed (one-to-one, one-to-many, many- 
to-many) between the entities? 


» Normalisation - Did your conceptual design translate 
easily into the logical design? Were you able to verify 
the logical design of the table relationships with the 
normalisation process? 


> Data dictionary - Did the data dictionary accurately 
and correctly list the fields, datatypes, field sizes and 
validation required? 


» Functionality requirements and identification of any 
omissions - How well did the design meet the user 
functionality requirements? To a certain extent, this 
depends on how well the user requirements are 
defined. There might have been some areas that were 
omitted from the requirements, for example. How did 
you deal with this? You need to consider the stated 
purpose of the database and how the user wanted 
to be able to access the data. There might be stated 
requirements, such as that the database should be easy 
to use, in which case you will need to consider if your 
user interface designs were clear and intuitive. Were 
any of the requirements omitted from the database 
design? Some of the answers to these questions may 
not become evident until you have created and tested 
the database and its user interface. 
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> Design strengths and weaknesses and potential further 
improvements - What are the strengths and weaknesses 
of your design? This may also only become clear when 
you have implemented and tested the whole system. 
Weaknesses in the design are going to include those 
parts of the design that you had to change when it 
came to implementation or testing. You might also 
want to consider whether your design was detailed 
enough or if there were parts of it that did not meet 
the requirements or omitted any of them. What further 
improvements could you carry out to your database to 
ensure that it does meet the requirements? 


Evaluation of database testing 


Testing is vital to ensure the correctness and robustness of 
your database before it gets released it to users. You will 
need to evaluate the application of test data to ensure that 
the database solution meets requirements. 


The testing of the database should reveal any errors, which 
should then be corrected. If the testing does not reveal any 
errors then it is likely that the testing has not been rigorous 
enough. 


When evaluating database testing, there are a number of 
areas you should consider. 


» Test data - Was your selection of test data appropriate, 
did you have a full range of normal, erroneous and 
extreme test data? Could your selection of test data 
have been more rigorous and extensive? 


> Recording of actual results and test records - Were the 
results of testing fully documented? You should have 
created detailed test plans at the design stage. Once 
the database had been developed, these plans should 
have been used to test the database and you should 
have entered the actual outcomes against the expected 
outcomes for each test. 


Where appropriate, you should take screenshots of the 


actual outcomes of your tests for inclusion with your 
analysis and evaluation of the database. 


> Analysis and commenting on results - Did you make 
use of the actual test outcomes? Have you commented 
on the results and analysed them? Were there different 
issues that you needed to investigate? Have you done 
this and resolved any issues? You should also keep 
detailed records of the changes you have made to 


resolve the issues and commented on what your tests 
revealed. 


> Iterative processes - Once all the issues have been 
resolved, the whole database should be tested again, 
and results of the new set of tests documented. The 
reason for this is that the changes made to correct 
the issues identified in the first round of tests may 
have inadvertently introduced other problems. This 
iterative process helps to improve the quality (accuracy, 
readability and robustness) of the final product. 


» Identifying and recording which tests were successfully 
met and which test data issues were not resolved - 
Which tests were met successfully? Were there any 
issues that your testing identified that you were not able 
to resolve? What were the reasons for not being able 
to resolve the issues? Constraints on time or money 
perhaps? 


Evaluation of the database 


The acid test for any software development project is 
whether or not it meets the requirements of the users. 
Every software product will have its strengths and 
weaknesses and, when evaluating the final database 
product, there are a number of things that should be 
considered in terms of its strengths and weaknesses. 


Is it fit for purpose? 

The purpose of the database should have been defined 

at the outset by those who commissioned the database, 
based on who will use the product (i.e. the client and user 
requirements). You can consider how well it achieves that 
purpose. 


Given that in the assessment for this unit you will have 
limited time, there may well be facilities that will be 
needed to enable the database to achieve its purpose 
which you do not have time to implement. You may only 
be asked to complete certain facilities, so there may be 
things that, if the database were to be used in real life, you 
would need to add to make it a complete application. 


Consider the Dissford Arts Centre booking system that 
we have been using as an example (see Worked examples 
throughout this unit). Although we completed the part of 
the system that allows staff to search for available slots 
and make a booking, there are a number of other facilities 
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that would be required by a real-life database, such as the 
ability to modify an existing booking. 


Is it easy to use? 


This can be difficult for you, as the creator of the database, 
to judge. Remember that the users of the database 

will probably not be IT professionals, so things that are 
obvious to you may be less so for them. You might find it 
helpful to show your user interface designs to your peers 
and, if possible, to others who are not IT specialists to get 
their opinions on how intuitive and usable the interface 

is. Of course you cannot do this in the final assessment for 
this unit, butit might help you get some ideas about what 
users might find difficult to understand about interfaces, 
and then you can apply what you have learnt in your 
assessment. 


Are some aspecis of the system constrained 
by the software used? 


As mentioned at the start of this unit, Microsoft® Access” 
is designed for use as a desktop database and it lacks 
many of the features required to support true multi-user 
environments. With a database, this is particularly limiting 
as data, by its nature, is best when shared with others. 
Access’ is also not really suitable for creating databases 
which are accessed via the internet. Therefore, you should 
consider what other database software options are 
available to you. 


How easy is it to maintain the database? 


Would it be easy for someone else to update, correct 

and add to your database? The ease of maintenance 

of an Access* database will depend upon how detailed 
and accurate your design documentation is. This 
documentation should allow someone else to understand 
how your database has been designed and created. 


Does the database meet its given 
requirements? 

To acertain extent, this will depend on how detailed 
those requirements were in the first place. In many ways 
this question is a combination of all the questions above. 
Evaluation of the database against its requirements 
essentially requires you to ask the following question: 
Does the database do what it was required to do and how 
well does it do it? 
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Assessment practice 2.2 A04 AOS 


Write a justification and an evaluation of Plan 
the database development project that you ¢ What is the task and how will my success be judged? 
undertook for the dogs’ home in Assessment © What might | find difficult with this task? 
Practica: © How does an evaluation and a justification differ from an 
Your justification and evaluation should consider explanation? 
the following questions. ¢ What resources will | need? 
© How well does the system that you developed Do 
meet the user requirements, as outlined in ¢ [have collected together my notes and the work | completed 
the scenario? for assessment practice 2.1. 
* How effective have you been in creating * | have set task milestones and checked my progress against 
a high quality database solution which these. 
performs appropriately and is easy to use? * | have drafted out answers to the questions listed in the task. 
© What were the changes that you needed * | have checked that what | have written provides a 
to make to the system during the justification of the actions that | took in assessment practice 
implementation and testing phases? 21h 
@ What improvements would you like to make, e | have checked that | have evaluated the work that | 
given more time? completed for assessment practice 2.1. 
Review 


e | can assess which parts of the work went well and which 
parts | found difficult. 

© | understand places where | might have gone wrong. 

¢ | know what | have learnt by completing this task. 

© | know what my next steps will be. 


Further reading and resources 


Training manuals 

There are lots of free training materials on the internet including: 
Support.office.com - The official Microsoft® Office® website. It contains training 
material for various versions of Access”. 
docs.oracle.com/en/database/ - Oracle database documentation. It includes 
information on database concepts. 
http://www.lynda.com/Access-training-tutorials/140-0.html - Access® 
tutorials on Lynda.com. 


Books 

Connolly, T. and Begg, C. (2014) Database Systems: A Practical Approach to Design, 
Implementation, and Management (Pearson) ISBN 9781292061184 

This is a comprehensive book on database theory. It is a standard university text 
and quite technical. 

Alexander, M. and Kusleik, R. (2013) Access 2073 Bible (John Wiley) ISBN 
9781118490358 

This gives comprehensive and detailed examples of how to use all the features of 
Access, including advanced level ones. 

Fuller, L.U. and Cook, K. (2013) Access 2013 for Dummies (John Wiley) ISBN 
9781118516386 

This is an easy-to-follow book in the Dummies’ easy-to-read style. 
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. _ because I know that so many jobs require IT skills. | found it quite hard going, as there is 
Hesmita Patel, 4) a lot of technical content. | had thought that databases were pretty straightforward so it 
f | was quite a surprise that they can get quite complex. However, | did enjoy the challenge \ 
BTEC National and, after a while, | began to enjoy using database software. | find it very interesting to 
Student the business world. 


see all the things you can do with it and I’m sure these skills will come in very handy in 
' 
; ' 
liwantted to.de thie course | 'm a bit apprehensive about the assessment, as there are lots of skills and techniques! 
| 


need to be able to use for both making the design and creating the database, so | need 
to make sure that | am fully prepared for it. 

In the future, | would like to learn more about web and server-based database systems as | 
think this is a really key skill for someone interested in using databases professionally. 


Focusing your skills 


Development plan 
It is important to work out which skills you need to develop in the future. Here are some ideas to help you create a 


development plan. 


1 Make a development plan listing the skills you 2 Take every opportunity to develop your skills. There 
currently have and those you want to develop. For the are lots of free resources available on the internet and 
skills you need to develop, you should investigate ways lots of widely used web development tools, including 
of developing them and include this information in database software, which is available free of charge. 
your plan. 3 Practise your skills by either setting up databases 


for your own use or look for work experience 
opportunities where you can practise these skills. 
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Getting ready for asfefjment 


This section has been written to help you to do your best when you take the external 
examination. Read through it carefully and ask your tutor if there is anything you are not 
sure about. 


The set task should be carried out under supervised conditions. 


> Electronic templates for use in task activities will be provided, ahead of your 
assessment, for centres to download for you. These will be supplied to you at the 
start of your assessment. 


> Work should be completed on a computer. Make sure that you have a power lead if 
you are using a laptop. 


» Internet access is not permitted. 
> During any break, materials must be kept securely by your tutor. 


> You must not bring anything into the supervised environment or take anything out 
without your tutor's knowledge and approval. 


» You should make sure that you back up your work regularly. You should save your 
work to your folder using the naming instructions that will be indicated in each 
activity. 


> Remember to bring anything else you might need, such as glasses for working 
onscreen and refreshments. 


> Turn off your mobile phone to avoid distractions! 


This unit is assessed under supervised conditions. The number of marks for the unit is 
66. Pearson sets and marks the task. 


The external assessment will last for 10 hours in a 1 week period, and can be arranged 
over a number of sessions. You will be assessed on your ability to design, create, test 
and evaluate a relational database system to manage information. 


Make sure that you arrive in good time for each test session and check that you have 
everything you need for the test beforehand. Make a schedule for the task to ensure 
that you leave yourself enough time at the end to check through your work. 


Listen to, and read carefully, any instructions that you are given. Marks are often lost 
through not reading instructions properly and misunderstanding what you are being 
asked to do. Ensure that you have checked all sides of the assessment task before 
starting. 


Proofread and correct any mistakes before handing in your work. 
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Key terms typically used in assessment 


There are some key terms that may appear in your assessment. Understanding what 

these words mean will help you understand what you are being asked to do. 

> The following table shows you the key terms that will be used consistently in your 
assessments to ensure that you are rewarded for demonstrating the necessary skills. 

» Please note: the list below will not necessarily be used in every paper/session and is 
provided for guidance only. Only a single command word will be used per item in 
your test. 


Key terms Definition 
. Annotated screen shot Image copy of a computer screen (obtained by pressing the print 


screen key then pasting into a document) with added annotations 
explaining what the image shows. 


Database structure The structure is composed of fields (a single piece of data, e.g. a 
name or date of birth), records (a complete set of fields, e.g.an 
employee's personnel record) and tables (a collection of records, 
e.g. all employees’ personnel records). 


Data dictionary A centralized repository of information about data, such as 
meaning, relationships to other data, origin, usage, tables, fields 
and format. 


Entity-relationship A diagrammatical representation of database tables and their 
diagram (ERD) relationships to other data, origin, usage, tables, fields and format. 


Evaluate A review and synthesis of each stage of database design, (i.e. 
development, processes and outcomes) to provide a supported 
judgement about the quality. Typically, a conclusion will be 
required. 


Normalisation The process of organising raw data into separate related tables to 
minimise data redundancy. 


Query An SQL select statement which extracts data from a table or tables 
which match defined criteria. 


Report A database report presents information from a database. 
Information should be displayed simply and efficiently. Printed 
reports from the database should allow the viewing of information 
quickly and easily. 


Test log Used to plan and recard program testing, record the outcomes of 
testing and the changes made to solve problems. 


User interface The visual part of the database through which a user interacts with 
a computer or software. A good interface is intuitive and allows a 
user to easily enter the required data accurately. A user interface 
is implemented using screen forms with titles, labelled boxes for 
data entry, buttons to perform actions and other features to make 
interaction as easy as possible. 
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A few more guidelines 


> 


Always make a plan for your answer before you start writing. Sketch this out so 

that you can refer to it throughout - remember to include an introduction and a 
conclusion and think about the key points you want to mention in your answer. In 
this plan, think about setting yourself some timeframes so that you can make sure 
that you have time to cover everything you want to - and, importantly, have time to 
write the conclusion! 


Try to keep your answer as focused on your key points as possible. If you find your 
answer drifting away from that main point, refer back to your plan. 


Make sure that you understand everything being asked of you in the activity 
instructions. It might help you to underline or highlight the key terms in the 
instructions so that you can be sure that your answer is clear and focused on exactly 
what you have been asked to do. 


Sample answers 


Look at the sample questions which follow and the tips on how to answer them well. 


Set task brief 

You have been asked to produce a database to manage cinema bookings. 
You have identified that the cinema has shows (with a film title, rating and 
description) and it has customers who want to come to see the shows. 


Activity 1: Entity-relationship database 


Produce an entity-relationship diagram (ERD) for the database by 


normalising the given data to third normal form. 


Sample answer 
You have drafted out an ERD which looks like this: 


Show Customers 
Show ID Customer ID 
Film title Name 


Film rating Email address 


Description Phone number 
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Show Sales Customers 
Show ID Sales ID Customer ID 


Film title Customer ID Name 


Film rating Show ID Email address 


Description Date Phone number 


Time 


Activity 2: Data dictionary 
Produce a data dictionary for your database using the given document. 
In the real assessment you will be given a template table. 


Sample answer 
The first draft for the Sales table looks like this: 


Data dictionary: Sales table 


Field name Key? Datatype Validation 
Sales ID | Primary Integer 

Customer ID Integer 

Show ID _ Integer 

Date | Text, 6 characters 

Time Text, 4 characters 


75 


Laie a is ee 


Activity 3: Design the user interface 


For another task, you are asked to produce an interface design for the process 
of registering a new customer and making a sale. 


Sample answer 
Your first interface design is for the customer registration: 


Cinema system 


Customer ID [ 


Name 


Email address | 


Phone number [ 


The next screen is the Sales screen where the film is selected: 


Cinema system 
Customer ID 


Sales ID nnnnnn 


Show ID 


Date 


Time 
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In your assessment, you are also likely to be asked to complete other activities, 
such as the following. 


© Activity 4: Testing plan 
* Activity 5: Database development and testing (using data provided) 


Activity 6: Evaluation of your database solution 
Evaluate your solution. 
You should consider: 


¢ how well your solution meets the requirements of the scenario 
° the quality, performance and usability of the database 


® the changes made during the development and testing process. 


Sample answer 
This is your first draft: 


| have worked very hard on this database and | am really happy with the result. 
Most of it works well and it does what it is supposed to do and could be used 
to book cinema tickets with a few additions. | think the user interface is ok 

but perhaps it needs a few more buttons to make it easier to use, like some 
‘Back’ or ‘Cancel’ buttons on some forms. The report | produced could also be 
made better by tidying it up a bit. | didn’t have a lot of problems creating the 
database. There were a few things | found difficult but | managed to sort them 


out. 
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